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SYNOPSIS 


The absorption and fluorescence spectra of benzimidazole 
molecule [bi] is extensively studied because some of its deri- 
vatives form an integral part of the biological active molecule 
as well as the derivatives of BI are commercially and pharma- 
ceutically important. But the detailed study on these derivative? 
of BI has received attention recently and that is too the work 
from this laboratory. Few groups are also working on the spectra 
characteristics of BI derivatives both as a function of ’solvents ' 
and hydrogen ion concentration. The present study has been 
extended to study the electronic spectra of some 2— substituted 
benzimidazoles. The effect of solvents and proton concentration 
on the spectral characteristics have been carried out to study 
the effects of interaction of the chromophores on BI moiety, 
geometry of the chromophores with respect to BI and the various 
protototropic species formed in the ground and excited states. 

The thesis has been divided into five chapters. 

First chapter gives a brief introduction of some of the | 
phenomena occurring in the ground and excited states . This chapf 
also gives a brief description of the status-quo report of the 
benzimidazole [bi] and its homologues as well as the justificati 
for carrying out the present study. 1 
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Second chapter describes briefly the instrumentation and 
methods of preparation of model compounds used in the present 
study. It also describes the procedure for correcting the 
fluorescence spectrum and the determination of quantxim yield. 

Chapter three and four deal with the effect of solvents 
and hydrogen ion concentration on the absorption and fluorescence 
spectral characteristics of 2— stibstituted benzimidazoles. The 
latter also includes the identification of various prototropic 
species formed in the ground and excited singlet states. The 
dissociation constants of various prototropic species have been 
determined both in the ground and excited singlet states. About 
twenty compounds have been designed for the study. The results 
obtained can be summarised as follows: 

(i) Introduction of a methylene group in between the two 
chromophores reduces theiir direct interactions. The 
absorption and fluorescence spectra, thex'efore resenble 
that of the parent molecule (BI in the present case) . 

(ii) Effects of substituents at 2-position have indicated that 
the nature of the emitting state depends on the nature of 
substituent. For example, in case of strongly electron 
withdrawing substituents (e.g. “CF^ and “CCl^ groups), 

the lowest energy emitting state is of charge-transfer (CT)| 
character, whereas with other substituents it is of Hit* I 
character- 
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(iii) Monocations / formed by protonating the tertiary nitrogejn 
atom, also have the CT state as the lowest energy emitting 
state and the driving force for this charge— transfer from 
the carbocyclic ring to heterocyclic ring is the presence 

of positive charge on the tertiary nitrogen atom, on the othe 

hand, the lowest energy transition in case of monoanion, 

#' 

formed by the deprotonation of the imino group, is always 
of TtTt* character irrespective of the nature of the 
siibstituent . These observations indicate that the negative ’ 
charge, present on the imino nitrogen atom prevents the 
charge migration from the carhocyclic to the heterocyclic 
ring. 

(iv) Presence of electron withdrawing substituents (e.g. i 

— CCl^/ -COOCH^ Sind — COOH groups) at 2-position reduces 

the charge density at the basic and acidic centers of the 
parent BI. Due to this the pK values for the protonation ! 
and deprotonation reactions of BI are affected considerably! 
The removal of the imino proton can be prevented if intra- 
molecular hydrogen bond is formed between the imino proton ; 
and the negative centres present on the substituent of 
2-position. This conclusion has been made from the 
observation that for the deprotonation, the pK value is ' ! 
either increased or the deprotonation does not occur even | 
at highly basic condition (H__16) . For example, deprotonat, 
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of imino group of BI is not observed in case of benzimida- 
zole— 2 — acetic acid both in the and S. states, whereas 

o 1 

the same is observed for 2 - ( 2 ‘-hydroxyphenyDbenzimidazole 
in the state only. 

(v) pH study carried out on 2— (hydroxymethyl) benzimidazole and 
its N— methyl derivative has clearly demonstrated that the 
first deprotonation occurs from the imino group rather than 
from OH group. This removes the anomaly present in the 
literatures for a long time. 

(vi) Monoprotonic phototautomerism is observed in case of 
2— (2 hydroxyphenyl)ba©zimidazol 0 . Solvent dependence 
study has clearly indicated that thin phototautomer is 
exclusively formed in the non-polar solvents, whereas the 
normal neutral compound is also observed in polar solvents. 
Depending upon the concentration of H , the zwitterion is 
formed only in the state. 

(vii) Biprotonic phototautomerism is absent in 2- ( 3 ' -hydroxy- 
phenyl)- and 2 - (4 ’-hydroxyphenyl) benzimidazoles, indicating 
that the rate of deprotonation of aromatic hydroxyl group 
and the rate of protonation of tertiary nitrogen atom are i 
not comparable with the rate of radiative decay of these ; 
two compounds. 
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(viii) The effectsof solvents on the spectral characteristics of 
benzimidazole-2-carboxylic acid (BIA) and 5-chlorobenzirai- 
dazole-2-carboxylic acid (CBIA) have indicated that the 
molecules are planar and held in a rigid frame by the 
intramolecular hydrogen bond. Whereas in case of the 
ester derivative of the above acids, the intramolecular 
hydrogen bonding is absent and the structure is not rigid 
and both absorption and fluorescence spectra are sensitive 
to the nature of solvents. 

(ix) A study on benzimidazole— 2— acetic acid (DIAA) has sliown 

that the carboxyl group affects the spectral characteristics 
of the BI moiety, even though these are separated by 
insulating methylene group, A similar study on its ester 
derivative has confirmed that the interaction in BIAA is 
through a intramolecular hydrogen bond. The spectra] study 
shows that the structure of BIAA is not as rigid as in BIA 
and CBIA, On the other hand^ , the ester derivative of BIAA 
Since intramolecular hydrogen bonding is absent# behaves , 
like BI, This is further confirmed from the study of | 

benz imidazole- 2-propionic acid (BIPA) # which contains two 
methylene groups in between the BI moiety and the carboxylic 
group. ' i 

The conclussions drawn and the possible extension ofj 
the work are given at the end of the thesis. 
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CHAPTER-I 


1.1 INTRODUCTION 

Whenever a molecule is excited electronically, the 
charge density at each atom changes and this is opiite 
different from that in the ground state. Due to this, the 
characteristics of the molecule in the excited state are 
different from those in the ground state, i.e. geometry of 
a molecule, dipolemoment and acid— base properties etc. A 
molecule in its excited state can also be called as an 
isomer of the species in its ground state. 

The behaviour of an electronically excited molecule 
(i.e. how it looses energy and returns to its ground state) 
can be very nicely illustrated by the Jablonski diagram, as I 
shown in Pig. 1.1. There are many pathways by which the 
electronically excited molecule can come to its ground state, I 
as indicated in the diagram. An attempt will be made in the 
following sections to briefly describe the phenomena in which | 
we are interested, for detailed studies books on photochemistr;| 
can be consulted. These phenomena are: (i) effect of solvent? 
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ISC ISC 



Pig, 1.1 Jablonski diagram showing some of the radiative and 
non-rad i at ive processes available to molecules 
(VR = vibrational relaxation; IC = internal conver- 
sion; ISC = intersystem crossing) . 
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on the spectral characteristics and how these data can be 
used to get useful information about the nature of transit- 
ion and proton transfer reaction, (ii) phototautomerism, 

(iii) proton transfer reactions and determination of pK values 
for both the ground and excited states and (iv) change of 
geometry of the substituent upon excitation and its effect 
on the spectral characteristics of the parent molecule. 

1 .2 SOLVATOCHROMISM 

All the theoretical treatments regarding the calculation 
•of energy levels are based on an isolated molecule. These 
studies do not consider the interactions due to the presence 
of other molecules, which may be of similar or of different 
species. Thus the spectral transitions observed in molecules 
can be either closely correlated to the theoretical studies, 
when the experimental studies are carried out in a low | 

pressure gas phase or nearly represented when the spectrum 
is recorded in dilute solutions, using saturated hydrocarbon : 
as solvents. In these solvents, the solute-solvent interacti- 
ons are minimum. Since all the studies in this thesis deal 
with the spectral characteristics of the molecules in 
solution phase, these interactions will be discussed briefly | 
with particular emphasis on some important results . The j 
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books and review articles, mentioned in the references can 
be consulted^ ^^for a complete understanding. 

It is clear from Fig. 1.1 that the molecule ends up 

invariably in the higher vibrational levels of the first 

excited singlet state after absorption of appropriate amount 

of energy. This is in accordance with the Franck— Condon 

principle and the process is completed within 10 sec. 

Excitation of the molecules to the 82 * states etc. are 

not considered here as our emphasis is only on the lowest 

excited singlet state. In the solution phase, the loss of 

vibrational energy, other than zero point energy, is very 

fast and hence molecules are present in the lowest vibrational 

level of the first excited singlet state, prior to the 

occurrence of fluorescence. This is known as vibrational 

relaxation. In the vibrationally relaxed excited state, 

the orientation of the solvent molecules is still the same 

as that of the ground state. Due to the change in charge 

densities, the solvent molecules tend to reorient in order 

to adjust themselves in the new environment . Since this 

process is similar to bond breaking and bond formation, this 

act will be completed within the period of vibrational fre- 
—12 

quency i.e. 10 sec. and of course, this will vary from 
solvent to solvent. The energy of the state in the new 
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environment will be either less or more than that of the 
vibrationally relaxed state, depending upon the nature of 
transition. Figures 1.2(a) and 1.2(b) represent the 

, ' 5 ^' 

behaviour of n — ^ rc and n — ^ n transitions respectively. 

■k 

since this study deals only with n — > Ji transition, there- 
fore the case represented in Fig. 1.2(a) will be considered. 

The molecule in the new environment is called solvent relaxed 
state. The combined effect of vibrational relaxation and 
solvent relaxation can be termed as the thermal relaxation 
of the excited state and this is at lower energy than that of 
the Prank— Condon state. After emission (fluorescence) the 
molecule will end up in the Frank-Condon gromdstate and will 
reach the thermally relaxed ground state after vibrational 
and solvent relaxation. It is clear from Fig. 1.2 (a) that the 
freq;uency of fluorescence will be less than that of absorption. 

The red shift [also called Stokes shift, defined as v (abs)- 

max 

(flu)] observed in the fluorescence spectrum depends upon 

niciDC 

the solvent relaxation and thus on the nature of the solvents, 
besides the vibrational relaxation, Stokes shift also depends 
on the change in the geometry of the molecule upon excitation. 
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Fig. 1.2 The effect of going from a nonpolar solvent (denoted 
by N) to a polar solvent (denoted by P) , upon the 
energy (Ej^) of an absorptive transition (a) when the 
excited singlet state to which absorption occurs, (S^^) 
is more polar than the ground state (Sq) [k it*]/ 

(b) when the excited singlet state to which the 
absorption occurs is less polar than the ground state 
[n -4 JT* ] . 
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Solute— solvent interactions can be broadly discussed 
under the following two headings. 

(i) Dispersive interactions: These are basically electro- 
static interactions and include dipole-dipole, dipole- 
induced dipole and induced dipole-induced dipole inter— 

, 'k 

actions. In n — > tt transitions the dipole moment of 
the molecule increases and thus a red shift in the 
absorption and fluorescence spectrum is observed with 
the increase in the polarity of the solvents. 

(ii) Specific interactions: These refer to specific chemical 
interactions between the chromophore and the solvent 
molecule, such as hydrogen bonding and complexation. Both 
these interactions can lead to drastic changes in the 
spectral characteristics of the molecules . In hydrogen 
bonding type interactions two cases can arise: 

(a) Hydrogen donor interactions : In the hydrogen donor 
interaction, lowering of energy is produced by the 
electrostatic interaction of positively polarised hydrogenj 
atom of the solvent with the lone pair of electrons on a i 
basic atom of a solute in the ground or excited state. | 
If during excitation, the electron density migrates away | 
from the basic atom, (e.g, n ->■ ir* transition), formation ; 
of hydrogen bond opposes this migration. As a result. 
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the energy separation between FC excited and ground 
states increases and a blue shift is observed with 
increase of hydrogen donor capacity of the solvent. 

On the other hand if the charge migration occurs 
towards the basic atom upon excitation,' (e.g. 7I 71 
transition) , energy of the FC excited state is lowered 
and a red shift as noticed with increasing hydrogen 
capacity of the solvent* 

(b) Hydrogen acceptor interactions 7 In hydrogen acceptor 

interaction, chemical energy is produced by the electro- 
static interaction between the lone pair of the solvent 
with the positively charged hydrogen atom of the solute J 
molecule. The effects would be opposite to what have been i 
discussed for the hydrogen atom donor interaction. 

Hydrogen atom acceptor solvents causes red shift when 
solvating solutes at atomic centres which lose electron j 
density in the FC excited state, and cause blue shift 
when solvating solutes at atomic sites which gain elect— | 
ron density in the FC excited state. If only hydrogen j 
bonding interactions are present, shifts in the with j 

change from non-polar to a hydrogen bonding solvent are ; 
related to the streng-th of the hydrogen bond in the 
ground state. | 



9 


In general all these effects are present simultaneously 
and one observes the combined effect of solvent interactions 
on the spectral characteristics. Though it is not easy to 
identify the interactions separately, one can at least point 
out cpialitatively by the judicious selection of solvents. 

When the solute— solvent interactions are predominantly 
electrostatic in nature, the Stokes shift can be related to 

the change in dipole moment of the molecule upon excitation. 

4 5 6 7 ' 

Lippert , McRae , Suppan , Mataga and Co-worker have success- 
fully derived equations relating Stokes shift with the change 
in the dipole moment of the molecule, the refractive index 
and the dielectric constant of the solvents. Jaffe and 

Q g IQ .11 

Orchin , Suzuki , Mataga and Kutoba and Lakowicz have 

given very nice description of the solvent relaxation proce- 

2,0 

sses. Costa et al. from their study on absorption and 

fluorescence spectra in different solvents have attempted to 

calculate the dipole moments and found the geometries of some 

aromatic esters . Recently a method of determining dipole 

moment of the excited state from absorption/fluorescence 

21 22 

solvatochromic ratios has been discussed by Suppan. ^ 

In 1949 Pringsheim and later Forster in 1951, made 
the first systematic study of the environmental effects on 
the fluorescence spectra of aromatic compounds. The review 
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14 

by Van Durren gives a detailed account of the environmental 
effects on the fluorescence spectra of aromatic compounds 
in solution. 

Pimental^^, Brearly and Kasha^, and Mataga and Tsuno^^ 

have stressed upon the significance of hydrogen bonding in 

the solvent effect in their works. Depending on the site 

and the nature of hydrogen bonding, the spectral shift can 

be explained in terms of hydrogen bond acceptor and hydrogen 

17 1 8 

bond donor type interactions, ' as mentioned earlier. 

19 

Weller found that the fluorescence intensity decreases on 
hydrogen bond formation. From the reduction of fluorescence 
intensity, he calculated the rate constants for hydrogen bond 
formation in the excited state. He explained the spectral 
shift on the basis that hydrogen bond formation can be consi- 
dered as a preliminary stage of acid dissociation (in which 
proton is transferred completely to the base) for which the 
shift in the spectral bands are considerably greater. 

Recent investigations by various groups have 

established that the main cause of decrease of fluorescence 

quantum yield on hydrogen bond formation is the enhancement 

of S^— >S internal conversion. Various mechanisms have been 

proposed for the enhancement of internal conversion rate 

27—30 

because of hydrogen bonding. 
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Fluorescence is generally observed if xf 7I* is the 

lowest energy transition and phosphorescence if n 4- it* is 

the lowest energy transition, Bredereck , Forster and 
30 

Oesterlin have suinmerized in their work that separation 

of niT* and iiK* singlet states determines the ability of the 

compound to fluoresce. They have suggested that the nature 

of emitting state depends on the solvent polarity because 

the reversal of states can take place in different solvents 

and hence one can determine the nature of the emitting state 

from the effect of the solvents. For example, chlorophyll 

a and b are nonf luorescent in pure and dry hydrocarbon 

solvents but fluoresce on addition of a small amount of 
32 

water. Similar behaviour is also observed in case of 

33 

quinoline and acridine in different solvents. 

Absorption and fluorescence spectra suffers a drastic 
change if a complex is formed by the interaction of solvents 
with the solute. If the complex formation takes place only 
in the excited state it is termed as exciplex. The quenching 
of fluorescence fey solvents like carbon tetrachloride >©r 
chloroform has been explained in terms of an exciplex 

^ A O R 

mechanism. ' Similarly a IM complex formation between 
alcohols and 7— azaindole"^ or 1— azacarbazole"^ have been 
reported to be responsible for the dual fluorescence. 
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1 .3 PROTON TRANSFER REACTIONS 

The acidity and basicity of a molecule is determined 

by the electronic charge densities at various atomic centres. 

In general/ the charge densities undergo large changes from 

those of ground state values by absorption of electronic 

energies i.e. the acidity and basicity of a molecule changes 

upon excitation. It has generally been observed that aromatic 

alcohols and amines become stronger acids, where as the 

carboxylic acids and tertiary nitrogen atom are stronger 

3 8 

bases in the excited singlet state. 

The pK value for the prototropic reactions in the 

3 . 

excited state (pK * ) can be determined by: 

(i) Forster cycle method 

(ii) Fluorimetric titration 

(iii) Time dependent fluorescence technique 

* " 3940 

(i) Forster cycle method ' : This method is based on the | 

thermodynamic cycle involving (a) the acid (BH) , excitedj 

'At . . 

to electronic excited state (BH ) , (b) dissociation of 

excited BH (BH ) into excited base (B-), (c) emission J 
of B to ground state (B) and finally (d) formation of | 
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acid (BH) in the ground state. The complete cycle is 
shown in Fig. 1.3. Balancing the energies involved in 
the above cycle, equation (1.1) can be obtained. 

ic 

+ AHgjj = AEg- 4- AHgj^ ... (l.l) 

where aE„„ and aE_ are the energies corresponding to 

JDrl D 

the 0-0 transitions of acid BH and base B, aH_,, and 

BH 

ic 

AHgg. are the dissociation energies of the acid BH in 
the ground and excited singlet states respectively. 

Using the relation ah = AG + TaS 
equation (1.1) can be written as 

^^BH ^®BH *** 

Rearranging the equation (1.2) and using 

AG° = -RTlnK^ = 2.303 RTpK 

3. 3 ■ i 

and AE = hvc 

where K is the dissociation constant and v corresponds i 
a 

to the 0-0 electronic transition, expressed in wavenumberf 
2.303RT(pK* - pK^) = he (Vg 
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BH * ^ ^4- H* 

Fig. 1.3 Forster's relationship of enthalpy changes 
to electronic transitions. 
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he 


or pK. 


PK^ = 


2.303RT 


(Vg^ + 


2.303R 


(as 


BH 


^"bh> 


(1.4) 


"1^ 

Assuming i.e. there is no change in the 

entropy of dissociation in the ground -and excited 
states/ equation (1.4) becomes 


pK* - pK^ = 2.10 X lo"^ (vg- - Vgjj) ... (1.5) 

— .O 

The factor 2.10 x 10 is obtained by substituting the 
values of Planck's constant (h) / velocity of light (c), 
gas constant (R) and temperature equal to 298 K. So 
knowing the ground state pK, value, one can calculate 

a. 

the excited state pK^ value (pK* ) from the above 
relation. 

Forster cycle method has been s^ubjected to many 
critical discussions after its formulation. The assumpt— j 
ions made in the above derivation are the followings: 

(a) The entropy changes of the protropic reactions in the ! 

ground and excited states are same . Many authors have 1 

critically examined this assumption, both experimentally 

(by measuring the pK^ values at different temperatures) 

and theoretically. Maximum uncertainity observed due to t- 

41—44 

assumption is not more than 1-2 pK units. 
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(b) The electronic states involved in BH and B should be the same. 

(c) The prototropic equilibrium should be same, both in the ground 
and excited states. 

(d) The vibrational spacing for the ground and excited states 
of the given acid as well as that of the base should be the 
same. In general it has been found that this assumption 
holds good. 

(e) The solvent relaxation of the given species should be same 
both in the ground and excited states. Since the molecules 
become more polar on excitation, this assumption is not 
satisfied for majority of the cases and leads to an error in 
the calculation of pK^^ . 

Further, sometimes the 0— G transition is very difficult 
to locate in acid-base pair and thus 0-0 transition frequency 
is replaced by the band maxima in equation (1.5) . Bartok 
et al, have suggested that the 0-0 frequency can be calcula- 
ted by taking the average of absorption and fluorescence band 

46 

maxima. Schulman et al. have clearly indicated that Bartok 
et al ' s procedure to calculate 0—0 frequency is valid only 
when the solvent relaxation for species in the ground and ; 

excited states ate same and thus erroneous results can be 

47 ^ 

obtained. Schulman and Capomacchia have proposed a modified 
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Forster cycle which includes vibrational, solvent and 
geometrical relaxations in both the states and have derived an 
equation similar to that of Forster cycle. 

48 

(ii) Fluorimetric titration method: This method was developed 

by Weller. In this method the relative fluorescence inten- 
sities of the conjugate acid— base pair are plotted as a 
function of proton concentration. If both the species are 
fluorescent and it is established that only acid-base pair 
is involved in the prototropic reaction the intersection of 
the two curves will be at I/I^ = I’/l^ = 0.5 , where is 
the fluorescence intensity of the acidic species when present 
exclusively and I the fluorescence intensity when the conju- 
gate base is also present in the solution. Prime refers to 
the similar terms for the conjugate base. This gives the 
pK^ value in the excited singlet state. The pK!^ value can 
still be calculated from the fluorescence intensities vs 
[h"*"] plot of only one species, when l/l^ = 0.5 provided 
the prototropic reaction is the only path available. This 
method is better than that of Forster cycle method as the 
fluorescence is always observed from the thermally relaxed 
state. Schulman has discussed the various kinds of fluori- 
metric titration curves observed in the experimental 


results: 
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(a) If the rate of protonation or deprotonation of a base and 
acid is much less than that for radiative decay of the 
conjugate base— acid pair# the ground state pK values are 

9 . 

obtained from these curves . This generally happens if the 
pK falls in the mid pH region (i.e. pH 3-11) . 

3 . 

(b) If the rate of deprotonation or protonation of conjugate acid- 
base pair is much larger than that of the radiative decay 

of the respective species, the pK^ values thus obtained 

O. 

from fluorimetric curves correspond to the excited state 
PK^ values. The following relations should hold for the 
fluorimetric titrations to give pK^ .i.e. 

\ k [h+] 

10 or 10, where k and k_ are the 

psuedo first order dissociation constant for the acid and 
second order constant for the protonation reaction of base 
respectively, k^j^CSH) and kj,j^(B) are the radiative decay 
rate for acid-base pair . 

(c) If the rates of deprotonation or protonation are comparable I 

to the radiative decay of the acid— base pair, a stretch ! 

fluorimetric titration curve is observed over the complete 

pH range. These kinds of curves give both the ground and | 
excited state pK^^ values. ! 

In general, the discrepancy observed between the pK^ 
values obtained by fluorimetric titrations and Forster cycle 
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method using fluorescence data is due to the difficulty in 
locating the 0—0 transition as well as unequal entropy 

49 

changes in ground and excited states dissociation processes. 
Sometimes the results obtained from the fluorimetric titrati- 
ons agree well with those obtained by Forster cycle method, 
using average of absorption and fluorescence maxima but do 
not agree with the pK_ values calculated using either 

O. 

absorption data or fluorescence data. This is due to the 
cancellation of errors in the absorption or fluorescence 
results, occurring in the opposite directions. Such results 
therefore, should be dealt with care. 

It had been observed earlier, especially in aromatic 
amines that the formation curve of one species does not 
correspond to the decrease in the fluorescence intensity of 
the other species, involved in the acid— base equ-ilibrium.^*^^*^ 

S'l . so. 

Many theories * have been put forward to explain this 
discrepancy, but the most acceptable one is that of Shizuka 
et al. f-'' 3 y carrying out carefully designed experi- 
ments and from the isotope exchange results, they have | 

concluded that the above mentioned discrepancy is due to { 

the proton induced fluorescence quenching of the basic 
species i.e. neutral aromatic amines. This arises due to 
the interaction- of the proton with a particular site of a 
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molecule, where the charge density has accumulated. The 
proton induced fluorescence quenching is small if the charge 
is distributed over the complete molecule. Due to this the 
results of fluorimetric titrations should be looked carefully. 

(iii)Time dependent fluorescence technique: With the commercia- 

lisation of nano-second and pico-second time dependent 
spectrofluorimeters, more insight in to the mechanism of 
proton transfer reactions has been achieved. By this 
method, one can directly calculate the rate constants for 
the forward and backward proton transfer reactions and 

thus the equilibrium constant. This has been extensively 

• j I. 1 50,57,64—66 

reviewed by many workers. 

The use of photopotentiometric method has been tried 

* 67 

to calculate the pK values by Rosenbrook and Brandt , but 

0 . 

this method has not gained much importance, may be because 
of insufficient generation of photopotential in many organic 
molecules, as well as the reproducibility of the results 
because the electrodes are very sensitive to chemical or 
physical changes occurring during the process. 
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In the last two decades a huge amount of work has been 

done on the acid-base properties of aromatic molecules by 

41 42 44 

workers like Mason , Jaffe and Jones , Jaffe et al. , 

Wehry and Rogers^^, Schulman et al.^® and Shizuka et al.^^ 

Vender Donkt"^^ reviewed the acid— base properties of the 

excited state, wherein he discussed the effect of geometrical 

relaxation on Forster cycle calculations. Sxibsequently 

OQ 71 — 7 '^ 

similar work has been reviewed by several authors. ' 

38 

The review by Ireland and Wyatt contains extensive referen- 
ces of experimental results available in the literature till 
1974. Schulman and his co— worker^^ have done extensive 
work on pK of many classes of organic compounds including 

cL 

compounds of biological interest. 

Despite the errors that can arise in the Forster cycle 
method and the fluorimetric titration method, these are still 
widely used, may be because the tirnedependent fluorimeters are 
expensive and difficult to maintain. 


1.4 PHOTOTAUTOMERISM 

Prototropic tautomerism of heteroaromatic compounds has 
its own place in chemistry. The importance of tautomerism in 
elucidation of reaction mechanism and biochemical processes 



is well understood. The review by A.R. Katritzky and A.Z. 
Boutton gives a detailed discussion about the prototropic 
tautomerism. This review also deals with the methods of 
investigation of tautomerism. 

Electronic charge redistribution, as 'said earlier, in 
excited singlet state causes a change in the acid— base 
properties of various groups attached to a molecule. If a 
molecule contains both electron withdrawing and electron- 
donating groups, sometimes change in the charge densities 
are so large on excitation that the acid-base properties of 
the functional groups are very much different in the excited 
state from those in the ground state. Due to this, though 
no change is obseirved in the nuiiiber of protons in a given 
species, a proton migration takes place from one functional 
group to another within the same molecule . This phenomenon 
is called phototautomerism. If a proton migration takes 
place across the intramolecular hydrogen bond, i.e. between 
the adjacent groups it is called monoprotonic phototautomerisrt 
and it does not depend on the nature of the solvents. On the j 
other hand, if it takes place between two functional groups 
which are separated by large distance, it is called biprotoni^ 
phototautomerism and this depends on the nature of the solveni 
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Since the original work of Weller on the excited state 
intramolecular proton transfer reactions of methyl salicylate, a 
great deal of studies have been made on excited state intramole- 

OR 86 

cular proton transfer (ESIPT) of o-hydroxybenzophenone, ' 

8T 

2- (o-hydroxyphenyl)benzotriazole, 2— (o-aminophenyDbenzimi- 

88 89^0 

dazole, 2— (o— hydroxyphenyl) benzoxazole, '' 2— (o— hydroxyphenyl) — 

91 92 

benzothiazole, phenyl salicylate etc. For this kind of 
proton transfer to occur, one of the groups should undergo a 
positive pK change, while the other should realize a negative 

pK change, following the absorption of a photon. Interesting 

Bl 

93 94 

results have been mentioned in case of 7-azaindole ' and 
95 

7-azacarbazole. In these cases, one of the nitrogen atoms 
that is protonated in the ground state becomes more acidic 
in the excited state where as the second nitrogen atom becomes 
more basic. As a result of this, a double proton transfer 
reaction results either within a symmetric dimer or a complex 
between the fluorophore and a solvent molecule (alcohol) . 

The examples of the second kind, i.e. biprotonic photo- 

96 

tautomerism, are 3— raethylumbliferrone, 5— amino— and 6— amino 

97 

indazole. In these cases, the phototautomerism does depend on 
the nature of the environments. 
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Anomalous emission with large Stokes shift of these 

compounds have been ascribed to the phototautomerism in the 

molecule. This is due to the accumulative red shift observed 

from the deprotonation reaction of one functional group and 

protonation of the second group. The kinetics and mechanisms 

of the excited state proton transfer reactions have been 

investigated recently by various workers using picosecond 

73 

laser spectroscopy. 


1.5 APPLICATIONS 

The excited state prototrppism has been helping 

chemists in many ways to interpret the mechanism of organic 

98 99 

photochemistry. Gutsche et al. ' have shown that the nature 
(whether it is electron— withdrawing or electron— donating type) 
and the position of the stabstituent can affect the reaction 
rate as well as can alter the photochemical product. Godfrey 
et al.^^^ have mentioned that the acid-base equilibrium in 
the lowest excited singlet and triplet states is of prime 
importance in determining the course and the yield of photo- 
chemical reaction of aromatic ketones by hydrogen abstraction 


•from the solvents 
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The yield of different products from photoisomerisations 

have been shown to be dependent on acid-base equilibria in ground 

101 102 

and excited singlet states. * For example, the reactions of 

3-styryl pyridines in the pH range are related to the acid— base 

101 

equilibria in the ground and excited singlet states. The 

photoisomerisation processes are also dependent on the nature 

103 

of the substituents. 

Several molecules which can undergo intramolecular proton 
transfer in the excited singlet state are found to be usually 
photostable. The works of Heller, Blattman^*^^' and 

1 QQ 

others have established that the stabilizing efficiency 

of molecule like 2— (2 '-hydroxy-5 '—methylphenyDbenzotriazole 

(widely used as UV stabiliser to diminish the photodegradation of 

polymers) is related to intramolecular hydrogen bond. Other 

example is that of 2— hydroxybenzophenone, which is used as photo- 

110 

stabilizer in polymers while benzophenone itself is photoactive. 

In analytical chemistry the fluorimetric technique is 
considered to be very powerful tool because of its high sensitivity^ 
The excited state acid— base behaviour of a molecule has a direct 
application in the field of analytical fluorimetry and phosphor!— 

j i 

metry. The fluorimetric titration curves or the effect of pH on 
the intensity of emission, help in determining the optimal pH 
region corresponding to the maximum sensitivity of the fluorimetry. 
Thus the sensitivity and selectivity of analytical procedure can 
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be increased, if the prototropic reactions are well under- 

stood. For example, the limit of detection of 4-nitrophenol is 

113 

much lower in solution containing anions. Other example is 

that of tryptophan, which is often present as a fluorescent 

contaminant in biophysical samples. However, intense fluorescence 

of tryptophan is quenched in solution at pH 1 and consequently in 

this region, the determination of other biophysical samples can 

114 

be done in presence of tryptophan. 

In biochemistry, the excited state protolytic behaviour 

•n *1 ft *1 i 

is largely used to interpret results. token et al. ^ have 

suggested that the rate of excited state proton transfer should 
give a quantitative measure of the environment of a probe molecule. 
This is because the rate constants for the prototropic reactions 
depend on the solvent and the character of any possible proton 
donor and acceptor. 

In fact, recently the principle of intramolecular proton 

transfer reactions has been shown to be capable of generating a 

large population inversion, like well known excimer and exciplex 

117 

lasers. Mayer and coworkers. in their survey of UV lasers have 
reported that stimulated emission is probably produced by excited 
state proton transfer reaction. They reported that an ethanol ic 
solution of sodium salicylate produced tunable laser- light from j 

118 . I 

395 nm to 418 nm. According to Acuna et al., sodium salicylate f 
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has an absorption maximum at 300 nm. It is very likely that the 
red shifted emission originated from the proton transfer product 
of salicylate anion. Chou et al. * have also reported 
recently the efficient generation of amplified spontaneous 
emission (ASE) based on excited state proton transfer tautomeri— 
sation of 3— hydroxy flavone in solution, either alone or mixed 
with laser dye. 


SCOPE OF THE PRESENT WORK 

In the early 1950s, it was discovered that 5, 6— dimethyl- 

l-(a-D-ribofuranosyl) benzimidazole is an integral part of the 

121 

structure of vitamin B^ 2 * These findings stimulated great 

interest in the chemistry of imidazoles and related compounds . 

Since then a lot of synthetic work has been done on imidazole, 

benzimidazole and their related compounds. These compounds are 

also found to be commercially important. Though the detailed 

study of absorption and fluorescence characteristics of benzi— 

122 

midazole molecule is available, similar study on derivatives 
of benzimidazole (Bl) has received attention only recently. Most 
of the work on the derivatives of benzimidazole has been done in 

our, laboratory, whereas some results have also been reported from | 

j 

couple of other laboratories. The important results of these I 

studies are summerized below. 

f 

f 

I 
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(i) The long wavelength absorption band (ca. 278 nm) of BI is 

localized on the benzene ring and the short wavelength band 

(ca. 245 nm) is localized on the imidazole ring. It has 

also been shown experimentally as well as theoretically 

that these transitions are of n — > tt* character. On Platt 

notation, the former is assigned to (long axis polarized) 

1 

and the latter (short axis polarized) . 

(ii) Solvents of different polarity and hydrogen bond formation 
tendency have little influence on the absorption and fluores- 
cence characteristics of BI, but the substitution by different 
chromophoric groups manifests different types of solvent 
dependency and can cause spectral shift in the absorption 

and fluorescence spectra. 

(iii) Fl\xorescence quantum yield of BI has been found to be nearly 
independent of the nature of solvents, whereas those of 
substituted Bis ' depend on the nature of solvents and 

Slabs tituents , 

(iv) The effect of pH on benzimidazole shows that absorption 
maximum of the monocation, formed by protonating the tertiary 1 

nitrogen atom, is slightly blue shifted, whereas the f lucres- i 

[ 

! 

, cence maximum is largely red shifted, as compared to the 

absorption and fluorescence spectrum of neutral molecule , 

123 

respectively. Barrensen explained this. large red shift f 
in the fluorescence spectrum, because of the formation of i: 1 
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stoichiometric complex with the solvent molecule in the 

124 

excited state. Later on Kondo andKuwano suggested that 
this large red shift is due to the reversal of two electro- 
nic states i.e. in neutral molecule the fluorescence origina- 

1 

tes from the less polar state and in monocation the more 

polar electronic state is responsible for the red 

shifted fluorescence. This conclusion is based on the 

facts that , the ^L band maximum is largely red shifted and 

1 1 

gets mixed with L^ band, since state is more polar than 

Lj^andthisis stabilised more in the excited state, leading 

1 

to the formation of as the low lying electronic state. 

This leads to large red shifted fluorescence band. A 

small blue shifted fluorescence band is noted if the energy 

1 1 

gap between the and band maxima remains constant 

on protonation. Lastly both the fluorescence bands are 
recorded if the two states are nearly degenerate . 

Recent studies in our laboratory have indicated that 
the above description of reversal of two electronic states | 

can not be generalized to all the substituted derivatives j 

i 

of benzimidazole. It has been identified that multiple 

electronic states (k Tt* and CT) of nearly similar energy i 

125 j 

exist in case of methyl substituted benzimidazoles. i 

simultaneous emission from CT as well as n state has also 
been observed depending upon the energy gap between the 
two states. These studies have also violated Kondo and 
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Kuwano's results, in the sense that both the fluorescence 

bands are observed even if the two bands are largely separated 

or are lying close to each other. There is no correlation 

in the energy gap between the two states and the fluorescence 

spectra. The studies on substituted benzimidazoles in our 

laboratory have shown that the nature as well as position of 

the substituents determine the nature of the lowest lying 

emitting state. For example, electron— withdrawing group on 

imidazole ring or electron— donating group on benzene ring 

favours the charge transfer state to be the low lying emitting 

state. As the charge transfer takes place from, benzene ring to 

imidazole ring, the driving force for the CT state to be the 

low lying state in the monocations of BI , is the presence of 

positive charge on the tertiary nitrogen atom. If the phenyl 

or aromatic ring is present at 2— position of BI, fluorescence 

★ 

is observed from the n n state. This is because the positive i 
charge is not localized on the tertery nitrogen atom alone but 
is completely delocalized over the imidazole and. the phenyl ring | 

(v) The absorption and emission maxima of monoanions,, formed by the I 
deprotonation of imino grotip ( ^ NH) , are red shifted as compared I 
to the neutral species and emitting state is of ktt character. | 

This is because of the presence of negative charge which I 

' ' ' ■[ 

inhibits the charge migration from benzene to imidazole ring. J 


r 
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From the above results # it is clear that BI molecule 
contains two functional groups!, e, the basic tertiary 
nitrogen atom and the acidic imino group. Presence of 
further acidic or basic groups can ci'eate challenging 
features in the spectral characteristics 'of BI, Change of 
proton concentration can give rise to many prototropic 
species, ithe identification of which needs carefully 
designed experiments. The compounds chosen for the 
present study are the 2-substituted benzimidazoles. The 
2--position is given importance because the tertiary nitrogen 
atom and the imino group are immediate neighbourto this 
and hence can bring about changes in the acidic and basic 
characteristics of the BI moiety. The compounds selected 
in this thesis can be divided into three categories. 

(i) It is well known that the spectral characteristics of an 
aromatic molecule is affected by the presence of substi- 
tuents and thus depends on the extent of interaction of | 

the substituent attached to aromatic ring. For example, ! 

"1 OfZ , ' ' 1 . 

in case of 2 -aminobenzimida 2 ole, the amino group i 

directly affects the characteristics of benzimidazole i 

« I 

moiety and vice versa. Similar observation has also been j 

127 

made in case of 2— hydroxybenz imidazole. 


So it is 
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interesting to see whether the same degree of interaction 
exists if two functional groups are separated by the 
presence of methylene groups/ which is supposed to be 
acting as a kind of insulator. The inductive effect as 
well as the resonance effect have been seen to play a major 
role in determining the acid-base properties of a molecule. 
As the substituents chosen are the nearest neighbour to 
the acid— base sites of the parent molecule/ the increase 
in the inductive power of the substituents is expected to 
make marked changes in the acid-base properties. Further, 
the introduction of methylene group is expected to decrease 
the inductive effect on the acid— base sites of the BI 

moiety, which could be reflected from pK values. So for 

at 

this investigation the following compounds have been 
selected to carry out this study. 

(1) 2- (aminomethyl)— / (2) 2— (hydroxymethyl)— , (3) 2— (chloro— 

methyl)—, (4) 2?if (cyanomethyl)-, (5) 2— (dichloromethyl) -, 

(6) 5-chloro-2-(triGhlororaethyl)-, (7) 2- (trifluoromethyl) - 
and (8) 2— chlorobenz imidazoles. 

(ii) All three isomers in the series of 2-substituted (hydroxyl- j 
' phenyl) benzimidazoles have been studied. All of them are 

expected to show entirely different spectral characteristics 
in the following fashion. 
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(a) In 2-(2'-hydroxyphenyl)benzimidazole/ due to the 

prox.mity of acidic (—OH) and basic ) sites, 

hydrogen bonding in the ground state as well as intra- 
molecular proton transfer in the excited singlet state 

is expected. Moreover the phenyl ring may have different 
orientations at different hydrogen ion concentrations, 
depending on the particular prototropic species. This 
could be reflected by a careful analysis of the absorp- 
tion and fluorescence spectra in different environment , ■ 

(b) In 2- (3 '-hydroxyphenyl) benzimidazole both the chromo- 

phores are more or less expected to behave independently 

as there is no direct resonance conjugation between 

them i.e. its behaviour should resemble 2— phenylbenzi— 
l28 

midazole or substituted phenol. Intramolecular 
proton transfer is not anticipated here because the 
acidic (-0H) and basic ( >N ) sites are well separated; 
as compared to its ortho-isomer. Biprotonic phototau— 
tomerism could be possible since the molecule contains 
both electron— donating and electron-withdrawing groups. 

(c) The hydroxy group of 2- (4 ’-hydroxyphenyl) benzimidazole : 
can very nicely interact with the whole system and an 
extensive reorganisation of charges may occur in the 
excited singlet state. The compound is expected to 
show more planarity as compared to its meta-isomer. 
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Further the study on the methoxy derivatives of the 
above three isomers can provide further confirmation 
regarding the nature of proton transfer of the hydroxy group, 

(iii) Benzimidazole— 2— carboxylic, —2— acetic and —2— propionic 

acids have been considered for this study with the follow^ 
ing points in mind. Specific interactions of the carboxyl 
group with the nearest acidic and basic sites of benzimi- 
dazole may bring about drastic changes in the spectral 
characteristics of benzimidazole. Zwitterion formation in 
the ground and excited singlet states is also a possibility. 
Further, by correlating the spectral shifts of the absorp- 
tion and fluorescence bands, it may be possible to identify 
different molecular conformation, which may arise due to 
the rotation of carboxyl group around the single bond. 

The compounds are nicely designed to reveal the extent of 
these interactions when both the chromophores are directly i 
attached or separated by saturated linkage. 

Solvent study of all the 2-substituted benzimidazoles ; 
mentioned above have been carried out to comment on the 
nature of spectral transition and so lute- solvent interactions 
The pH dependence study have been performed to identify the ; 
different prototropic species and to calculate the ground ; 
and excited state dissociation constants. 
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The study of fluorescence in rigid matrix at low tempera- 
ture (77K) can give valuable informations. Freezing 'locks' 
the fluorescing molecule in the ground state equilibrium 
solvent cage and molecular conformation, thereby prevents 
solvent cage relaxation and functional group reorganisation 
subsequent to excitation. Thus the comparision of absorption 
and fluorescence spectra, taken in frozen solutions with those 
taken in fluid media, permits distinction between solvent and 
conformational effects, arising from ground state circumstances 
of the molecule and those arising from electronically excited 
circumstances of the thermally equilibrated excited molecule. 
Therefore low temperature fluorescence studies, wherever 
necessary to supplement our ideas, have also been carried out. 



CHAPTER-II 


INSTRUMENTATION AND MATERIALS 


2.1 SPECTROFLUORIMETER 

Fluorescence spectra were recorded on a scanning 
spectrof luorimeter, fabricated in our laboratory. The 
block diagrams of the spectrofluorimeter and the arrange- 
ment to take spectra at low temperatures are shown in 
Figures 2.1 and 2,2 respectively. A brief description 
of various parts is given below. 

A stabilized power supply (PS) for the lamp (LPS 
251 hr) and the lamp housing (LH 150) were procured from 
Schoeffel Instruments, The lamp housing can accomodate 
150 w Xe lamp, 200 w xe-Hg lamp and 200 w Hg lampjhe total 
energy out put from the lamp could be monitored and kept 
constant by the power supply. 


Signal 



Fig. 2-1 Block diagram of the 
Spectroflourimeter 
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Two Jarrel— Ash (0.25 m and f/3.5) Ebert grating 
monochromators (82—410 and 82—415) were used. The mono- 
chromator (M^) with a grating, blazed at 300 nm (1160 
grooves/mm with a reciprocal linear dispersion of 3.3 nm/ 
mm) was used for selecting the excitation wave length. 

The monochromator (M 2 ) with two gratings, one blazed at 
300 nm (2360 grooves/mm) with reciprocal linear dispersion 
of 1.65 nm/mm and other blazed at 500 nm (1180 grooves/mm) 
with reciprocal linear dispersion of 3.3 nm/mm were used 
for the resolution of the emission spectra. The focal 
length of quartz lenses (L^^-L^) were chosen to suit the 
aperture to focal length ratios of monochromators and to 
have maximum collection of the exciting as well as emitting 
light. 

The cell compartment is designed in such a manner, 
so that both the room temperature and low temperature 
measurements can be done. The cell compartment is an anodi— j 
zed black to minimize scattering. The cell holder (C^) is 
double walled with thermostatting arrangement to maintain; 
a constant temperature. For low temperature measurements ; 
(77K) , Aminco— Bowman ' s low temperature fluorescence and I 
phosphorescence accessory could be fitted in the cell j 

compartment by replacing the normal cell holder (Fig .2,1) 
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Provision is there to pass dry air to remove the condensed 
moisture from the walls of the Dewar flask, used for the 
low temperature measurements. If necessary a beam splitter 
B could be fitted in the cell compartment. This is a 1 unm 
thick quartz plate, placed at an angle 45° in the path of 
the exciting light to reflect 5% of it to another cell 
holder C 2 . This is used to calibrate the light source 
from time to time and to determine the relative intensities 
of the excitation light exTierging from at all wavelengths 
as described in this chapter. 

Princeton Applied Research Quantum Photometer 
console (model 1140A) was used for detection and ampli- 
fication of emission. It consists of a detector assembly, 
an amplifier/discriminator (1140B) an electrometer, a 
highly stabilised voltage supply to give voltage to photo- 
multiplier tube and two rate meters, one with log and the 
other with linear scale. The detector assembly with a 
1P28 photomultiplier tube (Hammatsu, Japan) was fixed at 
exit slit of M. 2 » Very weak signals could be detected on 
the photon counting mode of the quantum photometer. The 
detected and amplified signal was read from the rate meter 
on the front panel. A multirange and multispeed digital 
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recorder (Fisher Recorder Series 5000) was used to record 
the signal out put from the quantum photometer. The 
emission monochromator M 2 was scanned by a digital drive 
system, specifically made for Jarrel-Ash monochromators 
(Jarrel-Ash omnidrive 82.462) which is coupled to the 
recorder. From time to time both the monochromators were 
calibrated with low pressure mercury lamp. 


2.2.1 EXPERIMENTAL PROCEDURE 

The quartz cell containing the sample is placed in 
the cell holder. The light of excitation wavelength 
selected by monochromator (M^) is allowed to fall on the 
sample and the emission from the sample at right angle is 
directed to the other monochromator (M 2 ) . 

The emission intensities at wavelengths selected 
by M 2 are measured from quantum photometer reading. The 
complete emission spectrum is recorded by scanning M 2 . 

The total energy out put of the lamp is always kept 
constant by the suitable combination of current and 
voltage in the lamp power supply. 

For the low temperature fluorescence spectra, the 
cell compartment is fitted with low temperature accessory. 
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The sample in the proper cell is placed in liquid nitrogen, 
kept in a qua.rtz Dewar flask, for some time till the bubbling 
of nitrogen gets reduced. After removing the condensed 
moisture, the Dewar flask with the sample is placed in 
the cell compartment. During scanning, .dry air is passed 
through the compartment to remove any moisture condensed. 

The fluorescence excitation spectrum at room tempera- 
ture or at low temperature can be obtained by setting M 2 
at the fluorescence maximum and scanning M^. 

The excitation and emission spectra thus obtained 
are uncorrected. The corrected fluorescence spectra 
have been obtained by determining the correction factors 
and by dividing the observed emission intensities by these 
factors at any specified wavelength. Automatic recording 
of the corrected excitation spectra is possible in this 
instrument if the signal from the sample cell and signal 
from the reference cell are fed into recorder which can 
record the ratio of the two signals. This part is indi- 
cated by dotted lines in the block diagram (Pig.2.l) . 

2.2.2 CORRECTION FACTOR DETERMINATION 

In a spectrof luorimeter, the intensity of the lamp, 
efficiency of the monochromator and the response of the 
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photomultiplier txibe are wavelength dependent. So all spectro- 
fluorimeters record only an 'apparent emission spectrum' or an 
'apparent excitation spectrum' in the absence of an automatic 
correction accessory. 

Such spectra in some regions are grossly distorted 
version of the true spectra. Even though the uncorrected 
emission spectrum can be used for some experiments like fluori— 
metric titrations (where the relative fluorescence intensity 
measured at a particular wavelength ) ,the apparent fluorescence 
spectra are not useful in calculating quantum yields and for 
rep rting the fluorescence spectra of new compounds. veral 

methods have been described and are used for the determination 

129—134 132 

of correction factor. The principles of Melhuish's 

method for the calculation of correction factor Q(X) for the 
light source (150 wXe lamp) — Excitation monochromator combina- 
tion have been followed in this st^dy. The correction factor 
for emission monochromator— 1P28 photomultiplier tube combination 
have been determined by following the procedure of Chen. All 

calibrations are done with 150w xenon lamp. 
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2.2.3. CORRECTION FACTORS FOR THE LIGHT SOURCE (l50.w Xe lamp) - 
EXCITATION MONOCHROMATOR COMBINATION 

A concentrated solution of Rhodamine— B (3 gm/litre 
in ethyleneglycol) was taken in a quartz cell of size 
1 cm X 0.5 cm and was placed in C 2 at an angle of 45°. The 
emission was viewed from the back of the cell (Fig. 2.1). 

The advantage of this arrangement is that if the incident 
radiation contains a small protion of •' impure wavelengths’’ 
not absorbed by the q[uantum counter (Rhodamine— B solution), 
they are not registered by the detector (D 2 ) • The emission 
from this solution was passed through a narrow band metal 
interference filter placed before D 2 » It has a maximum 
transmission at 620 nm with a band width of 10 nm. The 
intensity of the fluorescence signal at 620 nm is proportio- 
nal to the intensity of the excitation light. This signal 
amplified by the electrometer amplifier, was recorded by 
scanning the from 320 to 600 nm, during which the slits 
of M, were kept at 1 nm (11 nm band width) . The spectrum 
recorded is called the excitation system calibration curve 
and it is shown in Pig. 2.3. This curve gives the relative 
intensities of the excitation light emerging from at all 
wavelengths. These are the correction factors at different 
wavelengths i.e. Q(X). This Q(X) was used for the cali- 
bration of emission system. 
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2.2.4 CORRECTION FACTORS FOR THE EMISSION MONOCHROMATOR- 1P2 8 
PHOTOMULTIPLIER TUBE COMBINATION 

The calibration factors for were calculated from 
230 to 450 nm for the low blaze grating (300 nm) and 450 
to 550 nm for the high blaze grating (500 nm) . 

A quartz plate at 45° to the incident light was 
placed in C^. The intensity of the incident light was 
reduced by adjusting the slit of M^ . The slit of M 2 was 
set at 1 mm. 

One selected wavelength was set at M^, the output 
of which was reflected by the quartz plate to M 2 . M 2 
was adjusted manually to give the maximum reading at the 
wavelength set in M^ . This maximum reading at this wave- 
length is the relative response of the emission mono- 
chromato-r— photomultiplier combination and is denoted 
by R(X) . The maximum readings were obtained for each 
wavelength set at M^. This R(X) when divided by Q(X) 
determined earlier, gave S(X), the emission correction 
factor at X. A plot of S(X) vs X gives the emission 
spectral sensitivity curve or the correction curve, as 
shown in Pig. 2.4, for the low blaze and the high blaze 
gratings . 
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These correction factors were used to correct the 

—5 

fluorescence spectrum of anthracene (1 x 10 M in ethanol), 

recorded using the low blaze grating and quinine sulphate 
—5 

(1 X 10 M in O.IN H2S0^) recorded using high blaze 

grating. The corrected spectra thus obtained are shown 

in Figs. 2.5 and 2.6. They match exactly with the spectra 

132 

reported in the literature. 

2.3 OTHER INSTRUMENTS 

All absorption spectra were recorded in a double 
beam Shimadzu 190 spectrophotometer, ecpiipped with model 
U-135 recorder. pH of various solutions were measured 
by Toshniwal pH meter model CL44A. Standard buffer 
solutions were used for calibration of the pH meter. 

3.4 MATERIALS 

2— (aminomethyl) benzimidazole dihydrochloride and 
5— chloro— 2— (trichlororaethyl) benzimidazole were obtained 
from Aldrich Chemical Company. These compounds were 

further purified by repeated crystallization from aqueous 

135 

ethanol. 2— (Hydroxymethyl)- , 2— (cyanomethyl)— , 

2-(chloromethyl)-^^^, 2-{trifluoromethyl)-^^^ and 
2-(dichloromethyl)-^^® benzimidazoles were prepared by 
taking i: 1 molar ratio of o-phenylene diamine and the 






50 


corresponding substituted acetic acid in 4N hydrochloric 
acid and refluxing the mixture for 30 to 40 minutes. On 
neutralization of the filtered solution with aqueous 
ammonia/ the corresponding substituted benzimidazole 
was separated. These were recrystallized for further 
purification from aqueous ethanol, 

2— (2*— hydroxyphenyl) benzimidazole and 2— (2*— methoxy^ 
phenyl) benzimidazole were prepared and purified in the 
following manner. o-Methoxybenzoic acid (0.02 mol) , 
o-phenylenediamine (0.02 mol) and 60 gms of polyphosphoric 
acid were refluxed at 130°C for 15 hours and for an 
additional 48 hours at 185-19o'^C, The reaction mixture 
was cooled/ poured into 300 ml of water and neutralized 
with 50% aqueous sodium hydroxide solution. The precipi- 
tates were removed by filteration/ washed with water and 
dried under vacuvim. Vacuum sublimation of the crude 

139 

product gave pure 2- (2 '-hydroxyphenyl) benzimidazole. In 

a similar manner/ 2- (2 '-methoxyphenyl) benzimidazole was 
prepared by the condensation of o— methoxybenzoic acid and 
o-phenylenediamine in polyphosphoric acid at 135^C.^^^ 

140 

2- (3 hydroxyphenyDbenzimidazole was prepared 
by heating o-phenylenediamine and m-hydroxybenzoic acid 
for 3 hours under CO 2 atmosphere at 220°C. The resultant 
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melt was dissolved in minimum amount of methanol and poured in 
to 10% sodium bicarbonate solution. Precipitate was filtered 
off and re crystal Used from methanol. 

For the preparation of 2— (4 hydroxyphenyl) benzimidazole^^^ 
o— phenylenediamine in 20 ml of methanol was added portion wise 
at 0°C with stirring to p-hydroxybenz aldehyde in methanol and 
then with 30 ml of nitrophenol. This methanol was distilled 
out and the residue was refluxed for one minute. Its treatment 
with benzene gave the desired product. It was recrystallised 
from acetone. 

2- (3 '-methoxyphenyD— and 2— (4 '-methoxyphenyl) benzimida- 
zole were prepared by usual methylation procedure using methyl 
141 

sulphate in the following manner. Equimolar quantities of 
compound and sodium hydroxide were taken and the mixture was 
cooled to lO^C. Dimethyl sulphate was added slowly with stirring. f 

The mixture was poured into cold water. The resultant solution was! 
required compound was extracted with ether. Distillation of 
ether gave the desired compound which was again recrystallised 
from acetone . I 

Following method was under taken for the preparation i 

142 

of 2— chlorobenzimidazole. Benzimidazoline— 2-one (15g) was 

boiled under ref Itix for 3 .5 hours with phosphoryl chloride | 

(150 ml). Hydrogen chloride was passed during the last 3 hours 
only. 2-Chlorobenzimidazole was obtained after recrystallisation 

1062Gr' I 
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from aqueous ethanol . 

N— Methylation of 2— (hydroxymethyl) benzimidazole to give 
N-me thy 1-2- (hydroxymethyl) benzimidazole was carried out in the 
following manner. Equimolar quantities of corresponding benzi- 
midazole and methyliodide was taken in 50% sodium hydroxide. 

The reaction mixture was kept on the ice bath arid it was stirred 
for 3 minutes. Then the mixture was slowly heated and the 
temperature was maintained at 30-40*^0 for 10 minutes. The 
organic layer was extracted with chloroform, washed with water 
and dried over anhydrous sodium sulphate. The evaporation of 
the solvent in vacuo gave N— methyl— 2— (hydroxymethyl) benzimida— 
zole.l« 

144 

5— Chlorobenzimidazole— 2— carboxylic acid was prepared 

by hydrolysing 5-ch loro-2— (trichloromethyl) benzimidazole in 

basic solution. 5-Chloro-2- (trichloromethyl) benzimidazole was 

treated with 2N sodium hydroxide till the vigorous exothermic 

reaction subsided. The resultant solution was neutralised with 

dilute hydrochloric acid and the precipitates were extracted with 

dioxane. The insoluble material was 5— chlorobenzimidazole— 2— 

carboxylic acid. The corresponding ester of the acid was prepared 

by heating 2- (trichloromethyl) benzimidazole under reflux in methanol 

for 20 hours. On dilution and neutralisation with sodium carbonate 

144 

gave methyl ester of benzimidazole— 2— carboxylic acid. It was 

recrystallised from ethyl acetate. 
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Methyltrichloroacetimidate was obtained from Aldrich 

145 

to prepare 2— (trichloromethyl) benzimidazole. To a cooled 
solution of o-phenylenediamine (0.1 mol) in acetic acid, methyl— 
trichloroacetimidate (0.1 mol) was added slowly. When the 
resultant exothermic reaction siibsided, the reaction mixture 
was kept at room temperature for several hours. According to 
literature report aqueous quenching of the solvent should give 
2— (trichloromethyl) benzimidazole. But experiment in our 
laboratory showed that this method has always resulted in a 
mixture of 2— (trichloromethyl) benzimidazole and 2,2 '-bisbenz imi- 
dazole as the products. Attempt to isolate only 2-(trichloro— 
methyl) benzimidazole was a failure. Later these two compounds 
were separated by preparative thick layer chromotography using 
Merck Silica— gel G for thin layer chromatography. The eluting 
solvent was a mixture of ethylacetate and benzene in i:i (v/v) 
ratio. Benzimidazole-2-carboxylic acid was prepared from 
2— (trichloromethyl) benzimidazole in the same manner as described 
earlier. I 

135 ^ 

Benzimidazole-2-acetic acid was prepared by hydrolysing i 

2— (cyanomethyl) benzimidazole in the following manner, 2— (cyano- | 

methyl) benzimidazole (0.01 mol) was added to 20 cc of water solutj 

containing 1.2 gm of NaOH and 3 cc of ethyl alcohol. The 

i 

resulting mixture was refluxed for two hours until no more ! 

I 

. ' , . ■ 
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ammonia gas was evolved. The precipitate came out when the 
solution was acidified with hydrochloric acid and it was 
recrystallised from aqueous ethanol. 

146 

Benzimidazole— 2— propionic acid was synthesized in 

two steps as described below. Succinic anhydride (5g) was 
suspended in 35 cc of hot dry benzene and to this o-phenylene— 
diamine (5.4g) dissolved in 50 cc of benzene was added. The 
reaction was completed in few minutes by shaking well. A white 
mass (o— aminophenylamido succinic acid) was deposited, which 
was recrystallised from ethanol as colourless silky needles. 

In the second step o— aminophenylamido succinic acid was 
boiled under reflux for three hours with absolute alcohol. The 
volume of the alcohol was reduced to one— third and allowed to 
stand overnight. Colourless crystals separated out which 
were recrystallised from ethanol. 


2.4.1 PURIFICATION OF SOLVENTS 


Spectroscopic grade methanol, analytical grade sulphuric 
acid, phosphoric acid and sodium, hydroxide (BDH) were used with- 
out further purification. Acetonitrile (E. Merck), cyclohexane, 
ether (all BDH) and ethanol were purified as described in the 
literature. Trif luoroacetic acid and piperidine from Fluka 
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were used as such. A brief description about the purifi- 
cation of solvents is given. 

Cyclohexane was passed twice through a 11 inin diameter, 50 
ml long column filled with 40g silica gel (60—120 mesh) to remove 
benzene, paraffinic hydrocarbons and carbonyl compounds. This 
was fractionally distilled over sodium at 80°C. 

Ether was kept for one night over calcium chloride, 
refluxed and distilled. Again it was refluxed over sodium and 
fractionally distilled. Finally this was preserved over sodium. 

Acetonitrile was further purified by fractional distilla- 
tion over ^2*^5 

Ethanol was refluxed over calcixim oxide for 36 hours 
and then fractionally distilled. 

Triply distilled water was used for the preparation of 
all aqueous solutions, 

2.4.2 PURITY OF THE MATERIALS 

The purity of all the compounds prepared was checked by 
thin layer chromatography and by taking U.V and I.R. spectra, 
in addition to their sharp melting points, which one in agree- 
ment with the reported values. The purity was also checked by 
fluorescence techniques i.e. by getting same fluorescence maxima 
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when excited with different wavelengths. The purity and 
transparency of the solvents were checked by their U.V. 
spectra taken using triple distilled water as reference. 


2.5 ADJUSTMENT OP H /pH/H VALUES 

O 

pH of the solution within the range 1-13 was adjusted 

by the addition of small concentrations of phosphate buffer 

(10 M ) , as it was found that these buffers do not quench the 

fluorescence of the compounds and also do not alter the proto— 

148 

tropic equilibriiim under study. Acetate buffers are found 

to quench the fluorescence. The total analytical concentration 
of buffers i.e. C{H 2 P 0 ^ ] + [hPO^ J) was maintained constant for 
each pH solution, 

149 

Hammett's acidity scale (H^) was used for the solutions 

with pH below 1. The Hammett's acidity and basicity scales 

represent the actual (or free) amount of protons or hydroxyl 

ions present which is found by their reaction with a weak base 

or a weak acid (indicator) respectively. Hammett's acidity 

150 

scale modified by Jorgenson andHartter was used in this 
study. Sulphuric acid was used to obtain these H^ values, 

A similar scale known as ‘H__' scale for aqueous basic 

151 

solutions constructed by Yagil was used for measuring 
above pH 13. 
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2.6 GROUmP STATE EQUILIBRIUM CONSTANTS 

The dissociation reaction of any acid can be 
represented as 

+ H^O — ^ B + .. (2.1) 

and the equilibrium constant by the relation 

[b] 

pH = pK + log -- — .. (2.2) 

[bh+] 

where [b] and [bh"*"] are the concentrations of the base and 
its conjugate acid respectively. pH represents the hydrogen 
ion concentration at the above concentration of the species 
and pK^/ the equilibrivim constant of the above reaction. 

Thus pK can be calculated if one knows the concentration of 
each species at the specific pH and these can be calculated 
spectrophotometrically as follows: 

(i) If the absorption spectra of acid and its conjugate 

base do not overlap# one can choose the two wavelengths, 
which only represent the respective species, and 
measure the absorbances (A) as a function of pH. The 
concentration of each species can be calculated from 
the Beer-Lambert ' s law i.e. 

A — £ cl ..(2.3) 

where € , is the extinction coefficient at the respective 
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chosen wavelength/ 1/ the pathlength and C/ the concentration. 

€ can be calculated from the solution of known concentration 
which contains only the one specific form. 

(ii)lf the absorption spectra of both the species overlap each 
other/ absorbances are measured at two chosen wavelengths 
and X 2 i.e. 

1 .. ( 2 . 4 ) 

% = 1 •• (2.5) 

The values of ^^^'s of each form/ at each analytical wavelength 
can be calculated as mentioned in (i) and the concentration of 
each species as 




^ X (B) 

Xl X2 


A. (B) 

X 2 X^ 


e. (BH"^) (B) - \ (BH'^) (B) 

^2 ^2 


( 2 . 6 ) 


A, (B) 

^1 ^2 


A. (Bh"^) 
^2 


'B 


^X^(B) ^^(bh'*‘) 


^ /''n^ 


( 2 . 7 ) 


if pathlength is 1 cm 
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2.7 QUANTUM YIELD CALCULATION 

The quantum yield of fluorescence (0^) of the 
compounds in different solvents were calculated relative 
to the commonly used fluorescence standards. Here quinine 
sulphate ( 0 ^ = 0.55) in O.IN H2S0^ having fluorescence 
maximum of 440 nm and absorbance 0.1 was used as standard. 
The excitation wavelength used for this compound was 313 nm. 

To avoid the effects like concentration quenching, 
self absorption, attenuation of absorbance through the path 
length of light inside solution, dilute solutions (absor- 
bance 0,1) were used for quantum yield measurements. The 
longest wavelength absorption band was used for excitation 
of the molecule. The optical densities of the reference and 
test samples were always adjusted to the same or comparable 
values . 

The formula used for the relative fluorescence 

153 

quantum yield measurement is 

F cr A 

M _ (/ unknown ^standard ^ standard 

'"unknown “ '"standard ^ f^tandard <Junknown ^unknown 

where 0 = fluorescence quantum yield. 

F = Area under the fluorescence curve, 
q = Excitation light intensity at the excitation 
wavelength taken from the curve (Fig. 2.3) • 
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A = Absorbance at the excitation wavelength, 

2.8 PREPARATION OF SOLUTIONS FOR ABSORPTIOMETRIC AND 
FLUORIMETRIC TITRATIONS 

To maintain the constancy in the concentration of 
the compounds in all the H__/pH/H^ solutions/ an accurately 
measured amount (.1 ml) of stock solution of the respective 
compo\inds was added to a constant volume (10 ml) of 
H_/pH/h^ solutions. OXFORD P-7000 micropippette system 
was used for pdppetting 0.1 ml of stock solution. For 
fluorimetric titration the compounds were excited at 

x 

respective isosbestic wavelength. The final concentration 

—5 

was in the order of 10 M. The absorption and fluores- 
cence spectra were taken immediately after the solutions 
were prepared, to avoid any chance of decomposition of the 
compounds . 

2.9 OTHER DETAILS 

The molar extinction coefficient (t) values are 
given in dm^mol“^cm~^ . The pK^ values listed in chapter 
4 are in 1% (v/v) methanolic aqueous solutions. 



CHAPTER-III 


ABSORPTION AND FLUORESCENCE SPECTRA 
EFFECT OF SOLVENTS 

The absorption and fluorescence spectra of all the 
compounds studied have been divided into three sections. 

(i) 2-Me thy Ibenz imidazole * Where one or more than one hydrogen atoms 

of the methyl group have been replaced by various functional 
groups or atoms. These compounds are 2— (ami nomethyl)—, 2— (hydroxy- 
methyl)— , 2- (chloromethyl)— , 2— (dichloromethyl) — , 5— chloro— 2— (tri- 
chlororaethyl)— , 2— (trifluoromethyl)— and 2- (cyanome thy 1) benzimi- 
dazoles. 2-chlorobenzimidazole has also been included in this 
section. i 

(ii) 2-(Hvdroxyphenyl)- and 2-(Methoxyphenyl)benzimidazoles : This 

series includes 2-(2*-hydroxyphenyl)-, 2- (2 '-methoxyphenyl) -, | 

2-(3 '-hydroxyphenyl)-, 2- (3 ’-methoxyphenyl)-, 2- (4 ’-hydroxyphenyl) -[ 
and 2-(4 '-methoxyphenyDbenzimidazoles . 
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(iii) 2-Subs titu ted carboxylic acids of benzimidazoles : In this 
group, the compounds are/ benzimidazole— 2— carboxylic acid, 
5— chlorobenz imidazole-2— carboxylic acid, 5— chlorobenz imida- 
zole— 2-methylcarboxylate, benzimidazole-2— acetic acid, 
benzimidazole— 2— ethylacetate and benzimidazole- 2— propionic 
acid. 

Ip this chapter the results of the compounds descri- 
bed in each set will be given separately, and this will be 
followed by discussion. 

‘k 

3.1 2- (Aminomethyl) benzimidazole) (BINH,,) 



Figures 3.1 and 3.2 depict the absorption and 

fluorescence spectra of BINH 2 in solvents of different 

polarity and hydrogen bond forming tendency at 300K. Tables 

3.1 and 3.2 compile the relevant data i.e. absorption maxima, 

loaf € ) , fluorescence maxima and the fluorescence quantum 

yield. Both the absorption and fluorescence spectra of 

BINH 2 resemble those of benzimidazole (BI) and 2-methyl- 
1 22 

benzimidazole (BIM) i.e. both the absorption band systems 
of parent BI molecule remain structured in all the solvents 


*H.K. Sinha and S.K. Dogra, Spectrochim Acta, 41A , 961 (1985) . 




ifferent solvents at 2 












Table 3.1. Absorption maxima [X^(nm)] and log of 2- (aminoraethyl) benzimidazole 

(BINH 2 ) and 2— (hydroxymethyl) benzimidazole (BIOH) in different solvents 
at 298°K. 
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Table 3. '2. Fluorescence maxima [X^(nm) ] and quantum yield (jz5^) of 2-(aminomethyl)- 
benziraidazole (BINH 2 ^ 2— (hydroxymethyl) benzimidazole (BIOH) in 

different solvents at 298^K. 




66 


but are sj.ightly red shifted in any given solvent. The 
fluorescence spectinom of BINH 2 is also structured in all 
the solvents except water and is slightly red shifted as 
compared to BI and BIM in any one given solvent. The 
absorption spectrum gets slightly blue shifted with increas- 
ing hydrogen bond formation tendency of the solvent but the 
fluorescence maxima are hardly affected under similar 

environments. The fluorescence quantum yield of BINH 2 is less 
123 

than that of BI (0.7 ethanol) in any one particular 
solvent and decreases with increase in hydrogen bond forming 
tendency of solvents . 

2— (Hydroxymethyl) benzimidazole (BIOH)* : 

I 11 ^CH;^0H 

N 

H 

Figures 3.3 and 3.4 give the absorption and fluores- 
cence spectra of BIOH in different solvents. The relevant 
data are compiled in Tables 3.1 and 3.2 respectively. BIOH ' 
does not dissolve in cyclohexane to give any measurable 
absorption or fluorescence spectra. The data of Tables 3.3 
and 3.4 clearly indicate that the results observed for BIOH 

* H.K. Sinha and S.K. Dogra, Indian J. Chem., 25A , 1092 (1986). 
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are exactly similar to those of BINH 2 and in turn to those 
of BI and BIM. Like BI, the fluorescence quantum yield 
of BIOH is nearly independent of the nature of the solvents. 


2- (Chloromethyl) benzimidazole (CMBI)* 



H 

Figures 3.5 and 3.6 depict the absorption and 
fluorescence spectra of CMBI in solvents of different 
polarity and hydrogen bond formation tendency. The 
relevant data have been compiled in Tables 3.3 and 3.4 
respectively. Only the absorption band maxima of CMBI are 
given in cyclohexane and ether because the data have been 
recorded with saturated solutions due to its poor solubility 
in these solvents. The absorption spectrum of CMBI in any 
particular solvent resemble closely to BI and BIM and is 
slightly blue shifted as compared to BINIi 2 or BIOH. On the 
otherhand fluorescence band maxima are slighly red shifted 
under the similar environment. Fluorescence quantum yield 
of CMBI is less than that of BINH 2 BIOH. Unlike BINH 2 


* H.K. Sinha and S.K. Dogra, J. Chem. Soc. Perkin Trans. 2, 
in press . 
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or BIOH it increases in going from non-polar (cyclohexane) to 
polar solvents (water) . In acetonitrile the fluorescence is 
completely quenched. 

2— (Dichloromethyl) benzimidazole (DMBI) * 



The absorption and^ fluorescence spectra of DMBI in different 
solvents are shown in Figures 3.7 and 3.8 respectively. The rele- 
vant data are summerized in Tables 3.3 and 3.4. When compared 
with CMBI, absorption maxima of DMBI are slightly red shifted 
whereas the fluorescence maxima are nearly in the same region 
but the spectra are more structured. The behaviour of DI'IBI in 
different solvents are similar to those of BI, BIM and CMBI. The 
fluorescence quantum yield follow the same trend as observed in 
CMBI. But the fluorescence quantum yield is very small in 
acetonitrile/ showing that this solvent acts as a quencher of 
fluorescence. 

5— Chloro— 2— (trichloromethyl) benzimidazole (TMBI) * 



Figures 3.9 and 3.10 depict the absorption and fluorescence j 


H.K. Sinha and S.K. Dogra, J.Chem.Soc. Perkin Trans. 2, in press . 
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spectra in different solvents and the respective data are 
suitim.arized in Tables 3.3 and 3.4. In TMBI, the red shift 
observed in absorption and fluorescence spectra in any one 
particular solvent is much greater than that noticed incase of 
BIM or CMBI or DMBI. The absorption maxima get slightly blue 
shifted on increasing the polarity and hydrogen bond formation 
ability of the solvents, whereas under the similar conditions, 
fluorescence maxima are red shifted. The fluorescence spectra 
show greater sensitivity towards the solvents than the absorption 
spectra. The fluorescence quantum yield is very low in any one 
particular solvent when compared with BI or CMBI or DMBI . 
Appreciable fluorescence is observed only in methanol as a 
solvent. Fluorescence is completely quenched in acetonitrile. 

2— (Trifluoromethyl) benzimidazole (FMBI) 

CF, 

H 

The absorption and fluorescence spectra in different 
solvents are shown in Figures 3.11 and 3.12 respectively. 

Tables 3.3 and 3.4 summarize the respective data. The absorption 
a'nd fluorescence characteristics of FMBI in different solvents 
are quite similar to those of TMBI except the fluorescence 

*H.K. Sinha and S.K. Dogra, J. Chem. Soc, Perkin. Trans . 2, 
in press . 
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Flg«3.11 Absorption spectra of 2— ( trif luoro— Pig. 3. 12 Fluorescence spectra of 2— (tri- 

methyl ) benzimidazole (FMBI) in fluoromethyl) benzimidazole (PMBI) 

different solvents at 298°K. in different solvents at 2980 k. 
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quantum yield. The fluorescence quantum yield of the former is 
greater than the latter in any one given solvent but it is less 
than that of BI or BIM. The structure of the absorption and 
fluorescence spectrum is lost on increasing the polarity or 
hydrogen bonding capacity of the solvents . 


2- (Cyanomethyl) benzimidazole (CNBi) 

>-CH2,CN 


1 

H 


/ 


The behaviour of CNBI in different solvents resenibles that 
of CMBI and inturn with BI or BIM. Figures 3.13 and 3.14 give 
the absorption and fluorescence spectral profiles, whereas the 
Tables 3.3 and 3.4 compile the respective data. 


2— Chlorobenzimidazole 


(2CBI)* 



Cl 


H 


Figures 3.15 and 3.16 give the absorption and fluorescence 
spectra in different solventsrespectively . Tables 3.3 and 3.4 
sunimarize the respective data. From the data of Table 3.3 it is 
clear that the absorption spectrum in different solvents nearly 

*H.K. Sinha and S.K. Dogra, J. Chem. Soc. Perkin Trans. 2, 
in press . 













Table 3.3. Absorption maxima [X^(nm)] and log(€^^) of 2-(chloromethyl)-[CMBl], 

' 2 -(dichloromethyl)-[DMBl], 5-chloro-2-(triGhlororaethyl)-[TMBl], 

2-(trifluromethyl)-[FMBl], 2-(Gyanomethyl)-[cNBl] and 2-Ghloro- 
"benzintidazoles [^2CBl3 different solvents at 298 K* 
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Table 3 .4, Fluorescence maLxima [X^Cnin)] and quantum yield iS^^) of 2— (chloromethyl) — 
[cMBi], 2-(dichloromethyl)-[DMBl], 5-chloro-2-(trichloromethyl)-[TMBl]/ 
2-(trifluoromethyl)-[FMBl], 2-(cyanomethyl)-[cNBl] and 2-Ghloro- 
benz imidazoles [2CBl] in different solvents at 298°K. 
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resemble to that of CMBI except that it is slightly red shifted 
in any one given solvent. But the fluorescence spectral data 
shown in Table 3.4, clearly indicate the larger red shift in 
case of 2CBI in comparision to CMBI in all the solvents. The 
characteristics of absorption and fluorescence- spectral shifts 
in different solvents follow the same trend as that observed 
in case of CMBI or BIM. The fluorescence quantum yield is very 
low when compared with either BI or BIM in any one particular 
solvent* 

As mentioned in chapter 1/ it has been well established 

from theoretical and experimental studies that the Ti 7i is the 

. . 122^24-128,154-157 ^ 

lowest energy transition in BI* aiso 

been shown that in substituted BI, the lowest energy transition 

125 157 

can be either Tt — >TI* or charge transfer (CT) in nature* 

Which state is of lower energy# depends on the nature as well as 

t 

position of -the siibstituent, example, the electron— donating 

groups on -the benzene ring and the electron— withdrawing groups 
on -the imidazole ring favour the CT state to be of lower energy. 
Moreover, in excited state iu general the charge migration takes 
place from carbocyclic ring to heterocyclic ring. The extent 
of charge migration can be . enhanced by the substitution of 
electron— donating group in the carbocyclic ring or by the 
presence of electron— withdrawing group in the heterocyclic ring 
or both. This will result in the stabilization of the excited 



82 


state. On the other hand, if the electron— donating group is 
present on the heterocyclic ring, the energy of the excited 
state may be lowered slightly, remain unchanged or increase 
slightly, depending on the interaction of the two charge 
cloudes . Again, it is also known that the effect of substituents 
(electron-donating or electron— withdrawing) on the spectral 
characteristics of the aromatic moiety is maximum if these 
groups are directly attached to the aromatic ring. The effect 
of these interactions keeps on decreasing if these chromophores 
are separated by the presence of methylene group, which acts as 
an insulator. Moreover, if the number of methylene groups, which 
separate the two chromophores is two or more, the two functional 
groups behave independently. 

It is also established from our results that the lowest 
energy transition present in the compounds ' mentioned in 
Tables 3.1 to 3.4 are of tx -i' n nature. High molecular extinct- 
ion coefficients of the absorption band and reasonable fluores- 
cence quantum yield, favour the above assignment. The only 
notable exceptions are TMBI and FMBI, where it appears that the 
lowest energy transition is of charge transfer (CT) character 
(see later). This assignment is based bn the following obser- 
vation. It is little difficult to distinguish between the 
7T ->K* and CT transition because both these transitions lead 
to a gradual red shift with increasing the polarity of the 
solvents. But in case of latter, the red shift is more promi- 
nent than that observed in the former case. 
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With the exception of TMBIy FMBI and 2CBI, the fluores- 
cence spectra of all the other compounds resemble to that of 
BI or BIM. Like BI or BIM, the fluorescence spectra are nearly 
insensitive or small blue shift is noticed on increasing the 
polarity or hydrogen-bond formation tendency of the solvents. 

t 

This behaviour can be explained on the same lines as has been 
125 

done for BI ' s . Since the long wavelength band is localised 

on the benzene ring, the lone pair on the tertiary nitrogen atom 

can perturb this transition in the same manner as an amino group. 

But unlike amino group, the lone pair on the tertiary nitrogen 

atom is perpendicular to the K cloud of the benzene moiety and 

hence perturbation due to resonance effect will be negligible. 

The only way it can perturb this transition is through inductive 

effect and this effect is quite small. Hydrogen bonding to this 

nitrogen atom will reduce this effect and will lead to a very 

small blue shift, both in the absorption and fluorescence spectra. | 

In case of BINH 2 BIOH, the blue shift in the spectral 

characteristics can also be due to the hydrogen bonding with the j 

lone pair of amino and hydroxy groups. This behaviour is consis- | 

158-161 

ten'fe with those observed in case of aromatic amines or alcohols. 

F 

■ 

Similar behaviour has also been observed in case of phenanthro- 
[ 9 , 10 ] imidazole. 



A small red shift is observed in the absorption maxima of 
all these compounds in comparision to those of BI or BIM in a 
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given solvent. The red shift observed in case of BINH 2 or BIOH 

is larger than that observed incase of CMBI, DMBI/ 2CBI and CNBI - 

In the former compounds (BINH 2 and BIOH) the hydrogen atom of 

the methyl group, has been replaced by electron— donating groups 

like — NH 2 or —OH, whereas in latter cases it has been replaced 

by electron— withdrawing groups like halogen atoms or cyano group. 

The small changes observed in the absorption maxima of BI when 

these groups are substituted at 2-position, are consistent with 

the results that the methylene group in between the two functional 

groups prevents their direct interaction and thus the spectral 

characteristics of each chromophore become independent of each 

other. For example: (i) The absorption and fluorescence 

126 

spectral behaviour of 2 — aminobenzimidazole"^ (2BNH2) differ 
remarkably from that of BINH 2 * In the former case, the amino 
group is directly attached to the BI moiety and hence affects 
the spectral characteristics drastically, i.e. the absorption 
and fluorescence spectra of the former are very broad. Moreover, 
the absorption spectrum gets blue shifted and the fluorescence 
spectrum gets red shifted with increase in the hydrogen bond 
formation tendency of the solvents. This clearly indicates that 
the amino group is acting as a proton acceptor in the ground 
state (S ) and proton donor in the excited singlet (S- ) state, 

O J. 

agreeing nicely to the fact that the charge migration takes 
place from the amino group to the BI ring in state, there by 
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the release of proton is facilitated. On the other hand, in case 
of BINH 2 / the absorption spectrum does follow the trend similar 
to that of 2 BNH 2 different solvents but the fluorescence 
spectra are hardly affected. Further the structured absorption 
and fluorescence spectra confirm that the presence of methylene 
group drastically cuts down the direct interaction between the 

127 

BI moiety and — NH 2 group. (ii) In 2-hydroxybenz imidazole (2B0H) , 
—OH group is directly attached to the BI moiety at position— 2. 
This provides a labile proton at ortho position to the basic 
nitrogen centre, giving rise to a keto— enol tautomerism. It 
has been observed that 2B0H behaves as a keto compounds, in all 
the solvents, both in the ground and excited singlet states. 
Introduction of a methylene group between -OH group and BI moiety 
stops the intramolecular proton transfer. Thus BIOH behaves 
like a substituted methyl alcohol on one hand and 2— methyl- 
benzimidazole with one hydrogen atom replaced by -OH group on 
the other hand . (iii) The absorption spectrum of 2CBI is red 
shifted to a very little extent as compared to that of CMBI, on 
the other hand the fluorescence spectrum of the former is red 
shifted to a greater extent and more sensitive to the nature of 
the solvents as compared to CMBI. In 2CBI, the chlorine atom is 
directly attached to BI at position 2, whereas in CMBI, the 
chlorine atom and BI moiety are separated by a methylene group. 
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In case of CMBI, the absorption spectrum, fluorescence spectrum 
and charge densities at the basic and acidic centres, which are 
reflected from pK values (see chapter 4, page 172), are nearly 
resembling with those of BIM or BI . But the data in Tables 3.3 
and 3.4 clearly indicate that 2CBI behaves differently from BI or 
BIM. The effect of solvents on the fluorescence spectrum of 
2CBI is not that prominent as observed in case of TMBI or PMBI 
(see later) i.e. unlike other BI's studied, the fluorescence 
spectrum of 2CBI is red shifted, but not to a similar extent as 
noticed in case of TMBI and FMBI. It may not be possible to 
assign definitely CT state as the lowest energy emitting state 
for 2CBI but it outweighs the Tt - K* transition. This could 
further happen because chloro group can have both inductive 
effect as well as resonance effect, operating simultaneously. 

The former effect is of electron withdrawing in nature, whereas 
the latter will perturb the n cloud by donating electrons to the 
ring. Since both these effects act in opposite direction, the 
net effect will be quite small. These results clearly demons- 
trate that introduction of methylene group in between the two 
chromophores reduces their direct interactions drastically. The 
results of DMBI and CNBI are also consistent with the above 
explanation. ' 

In TM^I and FMBI, a large red shift in the fluorescence 
spectra is observed in going from cyclohexane to water and thus 
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CT state is the low lying emitting state in the neutral species 
of TMBI and FMBI . The driving force behind this charge migration 
from homocyclic ring to heterocyclic ring, thus making CT state 
to be the low lying emitting state in these cases, is the 
presence of strong electron withdrawing group (-CCl^ or 
at the position— 2 of imidazole ring* Although in case of CNBl, 
the — CN group is electron withdrawing in nature, however, the 
presence of a methylene group in between the BI moiety and — CN 
group stops the direct interaction between them and two groups 
behave independently . 

A close look at the Tables of absorption and fluorescence 
spectral data of BI's in different solvents, except TMBI and 
FMBI, shows that there is not much increase in the dipole moment 
upon excitation. But TMBI and FMBI and to a small extent, 2CBI 
become more polar in the excited singlet state because of greater 

f 

degree of charge migration. 

The decrease in the quantum yield of all the BI ' s studied 
here, as compared to that of BI in any one particular solvent 
could be due to the interactions of vibrational motions of the 
extra substituent groups, thereby increasing the rates of 
radiationless processes. 

Fluorescence intensities of the neutral species of CMBI, 
DMBI and TMBI were quenched in case of acetonitrile as a solvent. 


88 


Systematic fluorescence quenching of these compounds by aceto- 
nitrile was studied. Fluorescence intensity follow the simple 
Stern-Volmer plot, 

= 1 + [q] 

where 0 and 0^ are the fluorescence intensities with and 
without the presence of quencher, K is the quenching constant 
and f is the lifetime of the respective compound. Fig. 3.17 
shows the Stern-Volmer plot, and the values of K , obtained 
from the slopes are given in Table 3.5. Natural lifetime, "C" 
was calculated from the corrected fluorescence spectra, using 
S trickier and Bergte equation. 'tT is determined from the relation 
't' = These values alongwith are also listed in Table 

3.5. The values of K obtained are much less than the diffusion 

q 

controlled limit (1.1 x 10 dm mol s ). In these cases, the 

energy transfer from the excited species to acetonitrile can 

not be the direct energy transfer, since the singlet state energy 

of acetonitrile is much greater than that of the respective 

species. Although the substitution reactions of these compounds 

122 

by nucleophilic reagents are reported in the literature, these 
reactions will not take place under these conditions ob these ' 
reactions will be really slow to have any reasonable effect. 

We can not say much about the mechanism of this quenching but 


Pig. 3. 17 Stem Volmer plot (I -l/l^ vs [mJ) 
for quenching of fluorescence by 
acetonitrile/ (— o-o-/ [m]x.4) CMBI 
(-•-•-/ 0 x.l) DMBI; (-X-X-) 

Tlffil. 
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Table 3.5. Values of the slope (k'C)^ radiative lifetime ('C ) 
and quenching constant (k^) obtained from Stem— 
volmer plot. 


Compound ! 

-- 1 

k r 
q 

1 

1 

! -r X 10^ 

1 

1 

1 

! -9 fp 

10 ^k^ 

. . q 

CMBI 

5.5 

0.1 

0.55 

DMBI 

0.12 

0.9 

13 

TMBI 

0.9 

0.3 

3.33 


3 —1 — 1 

^dm'^mol sec. 
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the quenching by forming a collisional complex can not be the rate 

Other 

speculations could be either charge transfer or electron transfer 
and thus needs further investigation. 


determining step as K observed is much smaller than K, 

q diff 


In conclusion, it can be said that tt -J* n* is the lowest 
energy transition in case of BINH 2 / BIOH, CMBI, DMBI and CNBI, 
CT in case of TMBI and PMBI, whereas nothing conclusive can be 
mentioned for the lowest energy transition in case of 2CBI, 
though the latter transition outweighs the former. 


.2 2— (Hydroxyphenyl)— and 2- (Methoxyphenyl) benzimidazoles * 

X where. X = 2'-GH(0HBI), 2 '-GCH^ (OMBI) , 
3'-0H(MHBl), 3 '-GCH^ (MMBI) , 
4'-0H(PHBl), 4'-GCH- (PMBI) . 

H ^ 

The absorption and fluorescence spectra of all these 
compounds were studied in solvents of different polarity and 
hydrogen bond formation tendency. As these three sets of 
isomers show spectral characteristics which are quite different 
from each other, the result of each set of these isomers will 

*H.K. Sinha and S.K. Dogra, Chem, Phys., 1G2 , 337—347 (1986) 7 
J.Photochem., 36, 149-161 (1987). 
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therefore be discussed separately. 

(a) OHBI and OMBI : The absorption maxima and loo ( € ) have been 

^ max 

compiled in Table 3.6, whereas the fluorescence maxima and 
fluorescence quantum yieldshave been summarized in Table 3.7. 
Figure's 3.18, 3.19, ;3. 20 and 3.21 depict the absorption and 
fluorescence spectral profiles . 

A close look at the data of Table 3.6 shows that the 
absorption spectra of OHBI and OMBI can be divided into four 
distinct band systems^ one around 330 nm, second around 280 nm, 
a third one at 240 nm and the fourth one below 210 nm. The 
structure of all the band systems is lost with increasing the 
polarity and hydrogen bond formation tendency of the solvents. 
Under similar conditions, the long wavelength band system gets 
largely blue shifted whereas the other three band systems are 
slightly blue shifted in case of OHBI . On the other hand 
absorption band maxima of OMBI are hardly affected under the 
above conditions but the absorption spectra of OHBI and OMBI in 
water exactly resemble each other. A comparision of the 
absorption maxima of OHBI and OMBI with that of parent BI 
molecule clearly shows that a large red shifted band is observed 
in the former set in any one particular solvent and the absorpt- 
ion spectra are structured in nearly all the solvents. The 
spectral shifts observed in the absorption spectrum of OMBI is 
.small as compared to that noticed in OHBI . 


Table 3.6. Absorption maxima [X (nm) ] and log(£ ) of 2- (2 '-hydroxyphenyl) benzimidazole 

3. * niciiA. 

(OHBI) and 2— (2'— raethoxyphenyl)benzimidazole (OMBI) in different solvents at 
298°K. 
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Table 3.7. Fluorescence maxima [X^(nm)] and quantum yield (0^) of 2-(2'-hydroxyphenyl)— 

benzimidazole (OHBl) and 2— (2 •—methoxyphenyl) benzimidazole (OMBI) in different 
solvents at 298°K. 
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On examining the fluorescence spectrum of OHBI in 

different solvents it can be seen that in non-polar solvents, 

like cyclohexane, a large Stokes shifted band is observed, 

whereas in polar or hydrogen bonding solvents like methanol 

or water, besides large Stokes shifted band, a normal Stokes 

shifteid band is also observed. The former band system gets 

blue shifted whereas the latter gets red shifted with the 

increase in polarity and hydrogen bond formation tendency of 

the solvents. The intensity of the short wavelength band is much 

less as compared to the long wavelength band. In contrast to 

OHBI, only one fluorescence band system, resembling the normal 

Stokes shifted one, is observed in case of 0MB I . Except in 

water, the structure of this band system is retained in all the 

solvents and can be explained by a vibrational frequency of 
—1 

ca. 1470 cm . This vibrational frequency nearly resembles to 

that observed in the fluorescence spectrum of 2 -phenylben 2 imi— 

, 1 128 
dazole , 

In OHBI and OMBI, based on higher values of extinction 
coefficients, greater red shift in the absorption spectrum as 
compared to BI in any one particular solvent, higher fluores~ 
cence quantum yield and mirror image symmetry of absorption 
and fluorescence spectra (normal Stokes shifted band of OHBI) 
the following conclusions can be drawn: 
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(i) The lowest energy transition is of ji -> n* character both 
in absorption and emission. 

(ii) The hydroxyphenyl ring is coplanar and extensively conjuga- 
ted with benzimidazole moiety in and states. 

. The long wavelength absorption band in OHBI is further 
red shifted as compared to OMBI in any one given solvent, except 
in water, where it resembles with that of OMBI. This could be 
due to the existence of intramolecular hydrogen bonding between 
the phenolic proton and the tertiary nitrogen atom (structure I, 
scheme 3.1). Since this kind of intramolecular hydrogen bonding 



is absent in OMBI, the structure I will be absent, thereby 
leading to the non-rigid structure of OMBI . Due to this 
absorption and fluorescence spectra of OMBI are more susceptible 
the nature of solvent. Further, due to the competition between 
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the intra and intermolecular hydrogen bonding in water as 

solvent/ the amount of structure I in OHBI will decrease and 

thus the absorption spectrum of GHBI in water will resemble 

that of OMBI • Though the existence of structure II is also 

possible in both OHBI and OMBI but -it is rejected on considering 

the following points: (i) Absorption maxima of long wavelength 

band in OHBI and OMBI in water are in the same region as those 

observed in the case of 2— (3 '—hydroxyphenyl) benzimidazole (MHBl) , 

155 

2— (3 '—aminophenyl) benzimidazole and 2— (p— aminophenyl) benzimi— 
156 

dazole. In the latter set of molecules/ intramolecular 

hydrogen bonding (structure II) is absent. This is further 
substanciated from the results that the vibrational freqpiency 

observed in case of fluorescence spectra of OHBI and OMBI 

12S 

resemble that of 2— phenylbenzimidazole . (ii) If the structure 

II is possible for OHBI/ it should also be possible for OMBI. 

Due to this the pK value for the deprotonation of imino group 
in OMBI should be greater than that observed for the similar 
reaction of benzimidazole. This is because the imino proton 
will be tightly bound to the lone pair of the oxygen atom of 
the methoxy group. The pK value calculated for this reaction 
in OMBI (see chapter 4/ page 190) is nearly same as that observed 
for benzimidazole/ thus rejecting the existence of structure II‘. 
(iii) A conformation similar to structure II has been predicted 
in 2-- (o-aminophenyl) benzimidazole in the state along with 
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the structure I. In the latter case/ the presence of the 
structure II was confirmed from the excitation fluorescence 
spectrum, recorded at two fluorescence band systems. Since both 
the structures are present in the non-'polar solvents, it gives 
rise to normal Stokes shifted as well as large Stokes shifted 
bands in the non— polar solvent (cyclohexane) . But for OHBI only 
the large Stokes shifted band is observed in non-polar solvent 
indicating, therefore, the absence of structure II in OHBI. 

By following the above mentioned arguments and comparing 
the data of OHBI and OMBI, the observed large Stokes shifted 
band in the fluorescence spectrum of OHBI in all the solvents is 
attributed to the isomeric species III (scheme 3.1) which is 
formed by the transfer of the labile proton across the hydrogen 
bond in the excited singlet state. The creation of a pK gradient I 
upon excitation of the molecule is the driving force for this 
intramolecular proton transfer. 

To decide about the precursors of the two fluorescence 
band systems, the excitation spectra have been recorded at the ! 
two fluorescence maxima. The excitation spectra (Fig. 3.22), 
observed for both the fluorescence bands are exactly similar and 
resemble the absorption spectra. This suggests that the precursor | 
for these two fluorescence bands is merely the ground state intra- 
molecular hydrogen bonded structure I (scheme 3.1). The large 
Stokes shifted fluorescence band is observed from species III and 


If (Arbitrary units) 
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as said earlier/ it is formed in the excited singlet state during 
the lifetime of the species I, This process of intramolecular 

t 

proton transfer is known to be very fast. The normal Stokes 
shifted fluorescence band arises in the hydrogen bonding 
solvents because of the competition of intra and intermolecular 
hydrogen bonding. Thus it could be assigned to the open 
structure as suggested in case of OMBI where the molecule is 
engaged in intermolecular hydrogen bonding with solvents or to 
structure I in case of OHBI. 

The decrease in the fluorescence quantum yield for both 

the fluorescence bands in water is more than that in methanol, 

especially for the normal Stokes shifted band. The decrease in 

the quantum yield of latter band system could be: (i) due to 

a larger fluorescence quenching rate of the latter as compared 

to that for the former one, (ii) the amount of species III 

formed in the excited singlet state and in water as solvent would 

be less than that in methanol, because of the stronger hydrogen 

bonding characteristics of water. The preferential rate of 

quenching for different fluorescence band systems has been 

89 

observed in other similar systems. 

I 

(b) MHBI and PHBI 

Tables 3.8 and 3.9 sximmiarize the absorption and 
fluorescence spectraldata respectively. The absorption spectra 



Table 3.8. Absorption maxima [X^(nm)] and log(€^^) of 2-(3 '-hydroxyphenyl)- 
benzimidazole (MHBl) and 2- (4 '-hydroxyphenyl) benzimidazole (PKBl) 
in different solvents at 298°K. 
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Table 3.9. Fluorescence maxima [X^(iim) ] and quantum yield (0^) of 2-(3 hydroxyphenyl)- 
benzimidazole (MHBl) and 2— (4 •—hydroxyphenyl) benzimidazole (PHBI) in 
different solvents at 298°K. 
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of MHBI and PHBI are given figures 3.23 and 3.24 respectively 
and the corresponding fluorescence spectra are shown in figures 
3.25 and 3.26. 

The absorption band maxima are red shifted as compared to 
BI in any one particular solvent. Both absorption and fluores- 
cence spectra of MHBI and PHBI are structured nearly in all the 

solvents . This can be explained by the ground state vibrational 

—1 

frequency of ca. 1390 cm in MHBI and ca. 1400 in PHBI. This 
vibrational frequency also matches with that observed in 2— phenyl- 

1 OQ 1 BsRw 

•benzimidazole, 2— (3 *—aminophenyl) benzimidazole"^ and 2— (4'— 
aminophenyl) benzimidazole , The fluorescence quantum yield 

of MHBI and PHBI are’ less than that of BI in any one particular 
solvent and decreases with increase in the polarity and hydrogen 
bond formation tendency of the solvents. 

Based on the same arguments as given in case of OHBI and 
OMBI, the following conclusions can be drawn: 

(i) The lowest energy transition in these compounds are of 

ic 

71 ir character, 

(ii) The hydroxyphenyl ring in all these cases are coplanar and 
conjugated with the benzimidazole moiety, both in the 

and states. 

The effect of solvents on the absorption spectra of these 
compounds are similar to that observed for BI, i.e, either 
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insensitive or a small blue shift is observed on increasing the 
polarity and hydrogen bond formation tendency of the solvents. 

The spectral shifts in case of MHBI is very small as compared 
to that of PHBI in the above environment. The blue shift observed 
in the absorption spectrum of PHBI, but not much in that of MHBI, 
on increasing the hydrogen bond formation tendency of the solvents, 
could be due to the proton accepting nature of the hydroxyl group 
and thereby restricting the lone pair to have complete conjugation 
with the parent moiety. In case of MHBI, due to the meta position 
of hydroxyl group, the perturbation due to the lone pair of hydroxyl 
group may not have much effect on the spectral characteristics 
because of the lack of complete conjugation with the parent 
molecule. This could further be evident from the spectral 
changes observed due to the protonation and depnotonation reacti- 
ons as described in chapter 4, page 209 . 

The fluorescence spectral shifts observed incase of MHBI 
are more than those observed in its absorption spectra, under the 
similar environment. Further, in comparision to the fluorescence 
spectral shifts observed for PHBI, those observed for MHBI is 
higher. This reveals that the change in dipole moment of MHBI 
upon excitation (a^ ) is more than that of PHBI. This could be 

} 

due to the fact that in PHBI the following cannonical structure 
can be present and the structure I* is more favourable in the 
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.excited state. Thus the charge transfer from carbocyclic to 
heterocyclic ring will leave some positive charge on the carbocy- 
clic ring, whereas the similar structures are not possible in 



MHBI. The presence of structure I' in PHBI is also reflected 
• from its structured fluorescence spectrum observed even in 
water. This structure also accounts foi' the red shift observed 
in the fluorescence spectrum on increasing the hydrogen bonding 
capacity of the solvents which is due to better proton doixor 
nature of structure I ' incomparision to structure I . 

Besides the 35.3 nm fluorescence band observed in case of 
MHBI, another long wavelength fluorescence band (440 nm) is 
observed only in water as a solvent. Under the similar environ- 
ment the long wavelength band is absent, in case of its methoxy 
derivative. Fluorescence excitation spectra recorded at 353 nm 
and 440 nm have indicated that the ground state species is the 

t 

same for both the fluorescence bands. The ratio of intensities 

of 440 nm band to 353 nm band (^ 440 /^ 353 ^ remains same in the 

—5 —3 o 

concentration range 10 to 10 M/ pH range 1 to 8 and at 77 K. 


110 


The above studies discard the possibility of formation of 
exciplex, excimer and/or the zwitterion. However/ it is 
difficult at present, to comment anything about the identity 
of this fluorescence band. 


3.3 Benzimidazole— 2— carboxylic acids 



i) X = COOH/ Y=H(BIA) 

ii) X = COOH, Y=Cl(CBIA) 

iii) X = COOCH^/ Y=Cl(CBIM) 

iv) X = CH2C00H,Y=H (BIAA) 

v) X = CH2C00C2H^, Y=H (BIAe) 

vi) X = CH 2 CH 2 COOH, Y=H (BIPA) 


The absorption and fluorescence spectra of all these comp- 


ounds have been studied in solvents of different polarity and 
hydrogen bond formation tendency. The results will be summari- 


zed under three sub-headings . 


(a) BIA, CBIA and CBIM 

Figures 3.27, 3.28 and 3.29 give the absorption spectra 
of BIA, CBIA and CBIM in different solvents respectively. The 






ABSORBANCE 



Cyclohexane 

Ether 

Acetonitrile 

Methanol 

Water 


200 225 


Fig.3.29 Absorption spectra of 5— chlorobenzimldazole-2 
methylcarboxylate (CBIM) in different solvents 
at 298®K. 



113 


spectral data are compiled in Table 3.10, log (6 ) values 

have been reported only for methanol solution, because of the 
low solubility of these compounds in other solvents. Spectral 
characteristics of these compounds were determined with their 
saturated solutions. 

The absorption band maxima of all these compounds, in any 

one particular solvent, are very largely red shifted in compari- 

122 

sion to that of BI moiety. Similar to the absorption spectrum 

of OHBI, the absorption spectra of BIA, CBIA and CBIM can also 
be divided into four band systemsi.e. one above 300 nm, the 
second at ru 280 nm, the third one at cv) 240 nm and the fourth 
one at <v).2l0 nm. Above 300 nm,the absorption band system of BIA 
and CBIA are nicely structured and is very weak with respect to 
other three band systems , present below 300 nm, whereas in CBIM 
the long wavelength band is broad and is close to 300 nm. In 
BIA and CBIA the intensity of the long wavelength band system 
(X^a^>300 nm) further decreases on increasing the polarity or 
hydrogen bond formation tendency of the solvents. The structure 
of this band system is also lost under the above environment. 
Moreover, this band system is either insensitive to or a small 
red shift is' noticed with increasing the polarity or proton 

i, . " 

donor capacity of these solvents . 
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The other three band systems/ present below 300 nm, are 
nearly similar to that of BI , The spectral behaviour of these 
band systems/ under the influence of different solvents/ are 
similar to that of Bl, in the sense that either a small blue 
shift or insensitiveness is noticed in the absorption bands. 

The data of Table 3.10 clearly indicate that the carboxyl 

group in these compounds are coplanar to the BI ring and hence 

extensive conjugation is observed. This behaviour is similar 

163 164 

to that observed in .case of 4— and 5— indolecarboxylic acids 

164— 166i 

and different to many other aromatic carboxylic acidS/ 
where— COOH group is not in the plane of the aromatic ring. We 
suggest that the long wavelength structured band of both the 
carboxylic acids (CBIA and BIA) is due to the presence of 
intramolecular hydrogen bonded structure as shown below. 




O 

-N' \\ 




\ 


H' 


This suggestion is based on the following reasons/ 

(i) The model structures have clearly shown that the lone pair ^ 
on the tertiary nitrogen atom is at the same distance from 
the hydroxyl proton as that of the lone pair of carboxyl group 



116 


from the imino proton. Although only five membered ring 

structure is formed which is not as stable as the six membered 

one, it gives rigidity to the molecule. The same argument does 

not hold for CBIM, because the hydroxyl proton has been replaced 

by the methyl group and hence the intramolecular hydrogen bonding 

interaction with the tertiary nitrogen atom is removed. Due to 

the above fact, though the long wavelength absorption band in 

CBIM is red shifted with respect to BI but the vibrational 

structure is completely absent in CBIM, reflecting the loss of 

rigidity. This is further manifested from the effect of solvents 

on the absorption spectrum of CBIM, where the long wavelength 

band (fV 300 nm) is largly blue shifted with increase in the 

polarity and hydrogen bond forming tendency of the solvents. Due 

to the intermolecular hydrogen bonding at the tertiary nitrogen 

atom, the — COOMe group may be becoming non— planar with the BI 

moiety and hence causes a blue shift. 

♦ 

(ii)The presence of long wavelength band due to the dimer formation 

16 'Jr 

(as it is formed in case of benzoic acid) was rejected on 
the ground that the structured spectrum is observed even in polar 
solvents like methanol and acetonitrile. Secondly, the obser- 
vation of vibrational structure in such a loosely formed dimer, 
especially in polar solvents, is difficult to explain. 
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(iii) The decrease in the absorbance of the long wavelength 
band ( ro 300 nrn) in BIA and CBIA/ with increase in polarity 
or proton donor capacity of the solvents is due to the 
competition between the intra and intermolecular hydrogen 
bonding. This reflects the loss of rigidity and inturn 
planarity due to the intermolecular hydrogen bonding with 
the solvents. 

(iv) Similar band system is also observed in the absorption 

164 

spectrum of 2— (2 ‘—aminophenyl) benzimidazole . It was 

broad and the ring formed due to the intramolecular 
hydrogen bonding is a six membered one . 

The fluorescence spectra of BIA, CBIA and CBIM in 
different solvents were recorded and are given in figures 
3.30, 3.31 and 3.32 respectively. The relevent data are 
compiled in Table 3.11. As compared to BI, the fluorescence 
spectra of all the compounds are very large red shifted in 
any one particular solvent. The vibrational structure is 
observed in polar and non— polar solvents with the exception 
of CBIM, where the vibrational structure is noticed only 
in non-polar solvents and it is lost with the increase in 
polarity and hydrogen bond formation tendency of the 
solvents. The vibrational frequency (1100 + 50 cm ) 
observed in the state of CBIM is similar to that 
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Fig. 3. 32 Fluorescence spectra of 5— chlorobenz imidazole— 2 
methylcarboxylate (CBIM) in different solvents 
at 2980K. 




Table 3.11. Fluorescence maxima [^^(nm)] and quantxim yield (0^) of 5— chlorobenzim 
2— carboxylic, acid (CBIA) , benzimidazole— 2— carboxylic acid (BIA) and 5- 
benzimidazole-2— methylcarboxylate (CBIM) in different solvents at 298 
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Monoanion of CBIA and BIA. 
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noticed in the ground state. In BIA and CBIA, the vibrationa 
frequency noticed is 150G + 50 cnT^ in absorption and fluores- 
cence spectra, indicating that the electronic states involved 
both in absorption and fluorescence spectra are the same.Besi 
this , the fluorescence band is not separated from and make 
mirror image with the absorption band. This suggests that the 
moleculer conjugation and geometry in £he excited singlet stat 
differ very little from those in the ground state. The simila 
vibrational frequency is also observed in the spectral charact 
sties of 2-substituted benzimidazoles which make the structure 
rigid i . e . 2— phenyl- 2— ( 4 ' — aminopheny 1 ) - , 2— ( 4 ' -hydroxy— * 

phenyl)benz imidazole* etc. This supports our earlier conclush 
based on the absorption spectral data, that the rigid stiructuri 
formed due to the intramolecular hydrogen bonding, also exists: 
in the state. Further support to this structure (i.e. forme 
tion of four ring systems) is manifested from the fluorescence: 
spectra of condensed aromatic hydrocarbons in dilute solution 

i.e. vibrational frequency observed in the benzene and naphthal 

—1 ' 
fluorescence spectra is lOCO cm , whereas that observed for ; 

■ I 

polycondensed (rings equal to or more than three) ring is 1400 
cm . On the other.hand, since intramolecular hydrogen bonded 

H.K. Sinha and S.K. Dogra, J. Photochem., 149 (1987) . 
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structure is not possible in CBIM, the vibrational structure is 
lost in more polar and proton donating solvents. It could be 
due to the stronger interaction of the polar solvents with 
CBIM, The insensitivity of the fluorescence spectra of CBIA 
and BIA towards the nature of the solvents further manifest 
the formation of rigid structure in the states . But unlike : 
absorption spectaum, remarkable red shift in the fluorescence 
spectra of CBIM is observed with the change in the polarity of 
the solvents . The strong red shift indicate a large change in t| 
dipole moment upon excitation. The fact that this large red 
shift could be due to solute solvent complex is rejected on the 
ground that a gradual red shift is observed on adding different ; 
percentage of water (10 to 70% v/v) to methanol solution. 

Besides the structured long wavelength fluorescence band, 
a weak fluorescence band at 300 nra in all the solvents other 
than cyclohekane is also observed in case of CBIA and BIA. This; 
fluorescence band is also nearly insensitive to the polarity 
of the solvents. The excitation spectra recorded at 365 nm in 
all the solvents resembles the absorption spectra above 300 nm, 
however, in the former case bands below 300 nm were quite weak 
to extract useful informations. VJhereas the excitation spectra 
recorded at 300 nm, shows no band system above 300 nm. 

The fluorescence band structure at rO 300 nm closely 
resembles that of parent BI molecule or the monocation of 
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benzimidazole molecule where the charge transfer transition is 
absent. This fluorescence band can be assigned to a species 
in which the carboxyl group and the BI moiety are not coplanar. 
Moreover/ as only one fluorescence band is observed in cyclo- 
hexane/ it seems that intermolecular hydrogen bonding interactioj 
in other solvents is responsible for the creation of this specie 
as said earlier. We give the following arguments for rejecting I 
other possibilities: 

(i) pK^ of aromatic acids are in the range of'v4, whereas the 

pK for the formation of monocation of benzimidazole is 5.5. i 
One can speculate the formation of zwitterion with carboxy- 
late group perpendicular to the benzimidazole/ both in ground 
and excited states. But generally/ the absorption and fluore 
cence band maxima of zwitterion are at longer wavelength 
than that of the monocation or monoanion. Though the absorptt 
ion data do follow this criterion on decreasing and increasing 
the pH (i.e. zwitterion going to monocation or monoanion) but; 
the blue shift observed in these cases could be due to the | 

j 

loss of rigid structure. The shifts observed in the f lucres— i 
cence spectrum does not satisfy the above criterion. Further! 

, I 

it has been shown latter that in case of 2- (trichloromethyl) -t 
and 2- (trifluoromethyl)benzimidazoles [chapter 4/ p.l72]/ the ! 
presence of electron withdrawing group at the 2— position | 
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decreases tke pK value for the protonation reaction of 
tertiary nitrogen atom of BI to as low as < 1 . Since 
carboxylic acid group is an electron withdrawing one, it 
is expected that the pK for the same reaction of BIA and 

a. 

CBIA should also decrease (infact the pK has been found 

a 

to be 0.5, see later) usual spectral shifts i.e. red 
shift for the formation of monocation and blue shift for 
the formation of monoanion (deprotonation from — COOH group) , 
is observed with respect to the long wavelength fluorescence 
band. Thus the fluorescence band at 300 nm can not be 
assigned to the twisted zwitterion. 

(ii) The carboxylic acids are stronger acids in non— polar solvent^ 
as compared to that in the aqueous medium. Complete absences 

f ■ ■ : 

of 300 nm fluorescence band in cyclohexane rejects the 
possibility of zwitterion. 

The other possibility is that, in polar solvents, 
there is a competition between the intra and intermole cular 
hydrogen bonding in BIA and CBIA, as mentioned earlier while | 
dealing with the absorption data. This will partially 
decrease the amount of cyclic structure in ground and j 

excited state. It could be possible that due to strong 
solvent interaction, the coplanarity of -COOH group is lost 
and fluorescence spectrum thus observed resembles BI molecule i 
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In Gonclnsion it can be said, that the absorption and 
fluorescence spectral data contbined with that of excitation 
spectral data suggest the existence of two conformers# in 
case of BIA and CBIA/ in polar solvents. The long waveleng 
absorption and fluorescence band system represent the cyclt 
structure while. the short wavelength absorption and f lucres^ 
cence spectra confirm the species where the -COOH group and 
BI moiety are perpendicular to each other. 

(b) BIAA and BIAE 

Figures 3.33 and 3.34 depict the absorption spectra 
of BIAA and BIAE in different solvents. The relevant data 
are summarized in table 3.12, 

The absorption spectrum of BIAA in different solvents; 
are red shifted, in comparision to BI but blue shifted with j 
respect to that of CBIA and BIA. The long wavelength band ^ 
(314 nra) in case of BIAA is a broad one as compared to the 
structured spectra noticed for BIA and CBIA. Similar to ^ 
BIA and CBIA, the long wavelength band system in BIAA has 
been assigned to an intramole cularly hydrogen bonded cyclic 
structure, as shown below. The assignment has been done 

, ■ 1 

based on the following observations. 
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Table 3.12. Absorption maxima [X (nm) ] and log(6 ) of benzimidaZ' 

SL m5l3C 

2— acetic acid (BIAA) and benzimidazole— 2— ethylacetate 
(BIAE) in different solvents at 298°K. 




Solvent 

- - 



X 

a 




, 



BIAA 



BIAE 



314 

281 

246 

219 

282 

243 

212 

Cyclohexane 


275 



275 








271 




319 

281 

245 

225 

282 

245 


Ether 


275 



275 








271 




317 

281 

244 

219 

281 

245 

206 

Acetonitrile 


275 



275 








271 




313 

279 

239 

216 

279 

243 

207 

Methanol 

(3.44) 

(3 .48) 
273 

(3.97 

(4.28) 

(3 .91) 
273 

(3.88) 

(4.00) 



(3.50) 



(3.89) 








269 



1 





(3.77) 



9 

304 

277 


212 

277 

240 

206 

Water (pH 7) 


271 



271 







267 




9 

Monoanion . 
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_H-C^ 

F~ 


(i) The results mentioned in this thesis have shown that the 









presence of methylene group between two functional groups 
reduces their direct interactions drastically. Had it beenj 
the case here, pure BI's absorption spectrum should have 
been observed in BIAA. But from the data of Table 3.12 it 
is clear that the interaction of carboxylic acid group with | 
the BI moiety still exists. The interaction has been 
recognised to be through the intramolecularly hydrogen 
bonded structure, as shown above. Though a six membered 
ring structure can be achieved, but the presence of methylen; 
group between — COOH and BI moiety will reduce their direct 
conjugation, causing a blue shifted long wavelength absorpti< 
band in comparision to that of BIA and CBIA. Secondly the 
above stiructure can not be as rigid as it can be obtained in 
case of BIA and CBIA and this will lead to the loss of 


vibronic bands 
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(ii) The second set of absorption bands (below 300 nm) resembles 
very closely to that of pure BI moiety. Further the ratio 
of absorbance at 314 nm to 280 nm bands shows a gradual 
decrease on increasing the hydrogen bonding ability of the 
solvent. In more polar and protic solvents, a competition 
between intra and intermolecular hydrogen bonding is expecti 
This will destroy the cyclic structure and thereby amount o‘. 
open structure will increase. According to our earlier ■ 
discussion, the open structure should have an absorption 
spectrum very close to that of BI molecule. Similarity of | 
the absorption spectrum (below 300 nm) of BIAA to that of 
BI molecule and continuous increase of the absorbance ratio i 
( 280 nm/ .314 nm) with increase of proton donating solvents,! 
clearly support the above discussion. The solvent study 
also supports that there is a equilibrium between the cyclic 
structure and open structure in the polar and the protic 
solvents. 

. , I 

(iii) The presence of cyclic structure in BIAA. and the effect of i 
solvents are further confirmed from the absorption spectrum [ 

of the ester of ben2imidazole-2-acetic acid (BIAE) . In this , 

I 

case, the absorption spectrum very closely resemble to that 
of BI . This is consistent with the structure of the molecul^ 
BIAE. This also favours our earlier discussion that the 
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presence of methylene group in between two chromophores 
reduces their direct interaction. The similarity of 
absorption spectrum of BIAE and BI further supports the 
presence of some amount of open structure of BIAA in all 
the solvents/ especially in protic ones. 

The fluorescence spectra of BIAA and BIAE in various; 

f 

solvents are shown in figures 3.35 and 3.36. The data have; 
been compiled in Table 3.13. 

It is clear from the data of Table 3,13 that the 
fluorescence spectra of BIAA are similar to those of BIA an<| 
CBIA/ whereas that of BIAE resembles closely to BI . The 
fluorescence spectrum of BIAA in all the solvents is more 

— i 

structured, with a vibrational frequency of rO 1500 + 50 cm I 
Similar reasons may be given here, as given in case of BIA 
and CBIA, to support the presence of cyclic structure in i 
state also. structured fluorescence spectrum and insensitivif 
towards solvents indicate that the intramolecular hydrogen | 
bonding in BIAA is stronger in the S^ state than in the 
state . The intramolecular hydrogen bonding is so strong | 
that it is difficult to destroy it by allowing interraoleculai 
hydrogen bonding in protic solvents and thus leads to the 
absence of fluorescence band at aj 300 nm observed in case 


of BIA and CBIA 
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Table 3.13. Fluorescence maxima [X^Cnm)] and quantum yield ( 0 ^) 
of benzimidazole— 2— acetic acid (BIAA) and benzimi- 
dazole— 2— ethylacetate (bias) in different solvents 
at 298'^K. 


Solvent 


X^(nm) (0^) 


Cyclohexane 


Ether 


Acetonitrile 


Methanol 


Water (pH 7)^ 


BIAA 


BIAE 




373 

289 

356 

279 

339 


395 

289 

372 

279 

356 


337 


395 

V 

289 

372 

279 

356 


337 


398 

287 

374 

277 

356 


339 


400 

287 

378 

277 

362 


344 



( 0 . 11 ) 


(0.16) 


(0.19) 


(0.23) 


9 

Monoanion. 
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Similarity of the fluorescence spectrum of BIAE with 
that of BI is due to the fact that, (i) intramolecularly 
hydrogen bonded cyclic structure is absent here due to the 
replacement of carboxylic hydrogen with ethyl group in BIAE, 

(ii) the presence of methylene group in between BI and -C00C2H^ 
groups inhibits the direct interaction between the two groups. 

Similar explanation, as discussed in case of BIA and CBb 
can be given here to reject the idea of the existence of zwitte! 
onic structure in the ground and the excited states in all the ; 
solvents . 

In conclusion it can be said that though the direct 
conjugation between -COOH and BI moieties is stopped by the 
presence of methylene group in between, but the interaction 
still exists through the hydrogen bonded cyclic structure in 
BIAA. The existence of open structure as well as cyclic 
structure has been confirmed in all the solvents. All the 
above results are nicely siobstanciated from the study on BIAE 
in different solvents . 

(c) BIPA 

The absorption spectra of BIPA in different solvents 
are shown in figure 3.37 and the relevant spectral data are 
siimmarized in Table 3.14. 
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The absorption spectra of BIPA in different solvents 
exactly resemble to that of BI and consistent with the fact 
that BI and -COOH groups are behaving independently. In every 
respect BIPA resembles to the behaviour of parent BI (see 
chapter IV) . So it is clear that by putting two methylene grou 
in between —COOH and BI moiety, their mutual interaction, both 
hydrogen bonding as well as direct conjugation, can be arrested 
resulting in independent behaviour of two chromophores. 

The fluorescence spectra are given in figure 3.38 and 
the data are compiled in Table 3.15. Similar to the absorption: 
spectra, the fluorescence spectra of BIPA in various solvents 
exactly matches with that of BI, consistent with the structure 
of the molecule. 

This behaviour of BIPA confirms that there is no intera- 
ction between —COOH and BI moiety, both in the ground as well asf 
in the excited singlet state . 
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Table 3.14, Absorption maxima [X^(nm)] and log(€ ) of 

o iuoLj^ 

benzimidazole— 2— propionic acid (BIPA) in 
different solvents at 298°K. 


Solvent 


X (nm) log ( € ) 

a ^ max 


281 

250 

215 

Cyclohexane 

275 

268 

244 



281 

250 

205 

Ether 

274 

268 

244 



281 

250 

205 

Acetonitrile 

274 

268 

244 



281 

250- 

205 

Methanol 

(3.92) 

275 

(3.77) 

244 

(4.50) 

(3.92) 

268 

(3.80) 

(3.93) 


(p 

Water (pH 7) 

t 

280 

249 

204 

274 

268 

243 



9 

Monoanion , 
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Table 3.15. Fluorescence rnaxima [X^(nm) ] and quantxixn 
yield (.0^) of benzimidazole— 2— propionic 
acid (BIPa) in different solvents at 298°K. 


Solvent 

Xj:(nm) 

r 

^f 

Ether 

290 

0.05 


279 


Acetonitrile 

289 

0.40 


280 


Methanol 

289 

0.29 

t 

280 


Water (pH 7) 

288 

— 


279 



9 

Monoanion , 



CHAPTER-IV 


ABSORPTION AND FLUORESCENCE SPECTRA-STUDY OF PROTOTROPISM 

A thorough investigation of effect of hydrogen ion concen- 
tration on the spectral characteristics of different 2— substituted 
benzimidazoles has been presented in this chapter. Identification 
of different prototropic species, present in different H^/pH/H_ 
solutions and determination of pK values in the ground and 
excited singlet states, have been given prime importance here. 

This chapter is divided into a number of sections (4,1— 4.9), 
depending on the behaviour of particular BI . 

4.1 2— (Aminomethyl) benzimidazole {BINH 2 ) 

The absorption and fluorescence spectra of BINH 2 have 
been studied in the H^/pH/H__ range from —8 to 16. Spectral 
profiles are drawn in Figures 4.1 and 4.2 and the data are 
summarized in Table 4.1. On decreasing the pH below 10, 


*H.K. Sinha and S.K. Dogra, Spectrochimica Acta, 41A, 961-966 
(1985). 
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Table 4.1. Absorption maxima [X (nm)], log(€ ) and fluorescence 

3. rno,^ 

maxima [X^(nm)] of different prototropic species of 
2— (aminomethyl) benzimidazole (BINH 2 ) at 298*^K 


1 T 

specie s/h /pH/h X (nm)log(e^^ 1 ! X^(nm) 

Q '* *** I o. iUoX I 


Dication (H^-l) 


■ 

269.5 

(3.92) 

277 

(3.91) 

400 

(400 


Mono cation (pH 6) 

244 

(3.57) 

— 

272.5 

(3.65) 

278.5 

(3.62) 

— 


Neutral (pH 10) 

243 

(3.66) 

244.5 

(3.66) 

271.5 

(3.66) 

277.5 

(3.74) 

291 


Monoanion (H_16) 

MSI 


280.5 

(3.93) 

286.5 

(3.89) 

302 

312 

(300 


'^at 77°K. 


Table 4.2. pK and pK* 

0L 3. 

of various 

prototropic 

reactions of 


2— (aminomethyl) benzimidazole (BINH 2 ) 

at 29 8K 

1 

r 

1 

1 

1 

1 

1 


PKa 


Equilibrium ! 

1 

.. - - - 1 

pK^ T 

St 1 

- - i 

Abs^ 

Flu.^ 

FT^ 

Dication - — Monocation 

3.1 

- 

- 

1.8 1 

Honocation Neutral 

8.1 

- 

- 

8.0 

:^eutral ^ Monoanion 

12.8 

10.6 

8.0 

12.0 I 

^Forster cycle method. 


*Fluorimetric titration method. 
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there is no major change in the band shape of absorption 
spectrum upto pH 6 and a further decrease of pH leads to a 
small blue shift in the long wavelength band maximum at 
At the same time the second wavelength absorption band 
(244 nm) gets merged with the long wavelength absorption bar. 
system. On further increase of hydrogen ion concentration 
a gradual red shift in the absorption band is noticed. On 
increasing the pH above 10/ a red shift is observed in the 
long wavelength band maximum with a similar effect on the 
second absorption band (244 nm) as observed in the acidic 
condition at H^— 1 . Starting with H^-8 and decreasing the 
hydrogen ion concentration, the fluorescence intensity of 
the 400 nm broad band increases gradually, reaches a maximum: 
at 5 and is completely quenched at pH 4, without appearand 
of any other fluorescence band. In the pH range 6—14" there 
is only one fluorescence band at 292 nm and its intensity 
attains the maximxim value at pH 10. At H__14, a new f lucres— . 
cence band appears at 312 nm and its fluorescence intensity 
keeps on increasing with pH even at 1-1^16. At 1^16, besides 
the 312 nm band a new broad band appears at 440 nm. 

BINH^ can be viewed from two angles: (i) as a substitu-j 
ted methyl amine and (ii) a compound in which the hydrogen 
atom of the methyl group of 2-methylben2 imidazole (BIM) is i 
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replaced by amino group. The pK^® for the protonation and 

1. 60 

deprotonation reactions of methylamine are 11,5 + 0.5 
and 16. The values of the corresponding constants for 
the similar reactions of BIM are 6.19 and 14.20, Phenyl 
siibstitution at the hydrogen atom of methyl group of methyl 
amine (bpnzylamine) decreases the pK value of protonation 

SI 

. 170 

reaction to 9,0 + 0,5. A similar substitution by electro 

withdrawing benzimidazolyl group in methylamine should 
decrease the basicity and increase the acidity of the amino : 
group, so the pK values are expected to be lower than the 

a. 

parent molecule. However, the presence of electron donating 
amino group in BIM should increase the basicity at tertiary 
nitrogen atom, thus the pK_ should be higher. The following 

OL 

discussion reveals that the first protonation has occured 
at the amino group and not at the tertiary nitrogen atom. 

(i) The separation of two chromophores by a saturated linkage, 
like methylene group, has been found to reduce their direct 
interactions drastically (as discussed in chapter III) . 

Hence BINH 2 behaves like benzimidazole and does not sense 
the presence of amino group. In other way it can be said 
that any prototropic reaction at amino group will not have 
much effect on the absorption spectral characteristics of 
BINH2. 
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(ii) The 244 nm absorption band is affected drastically on 
protonation (monocationic species) and deprotonation 
(monoanionic species) of BI or BIM as this transition is 
localized on the imidazole ring. But in this case it 
remains intact upto pH 5 and on further decreasing the 
pH the ' effect is pronounced i.e. the 244 nm band gets 
merged with the long wavelength absorption band. 

(iii) In amino substituted compounds it has been generally 
observed that proton induced fluorescence quenching of the 

neutral species takes place prior to the formation of 

^ . 64 

monocat ion. 

On taking the above points into account it is 

concluded that the first protonation takes place at amino 

group. As mentioned earlier, there is hardly any change 

in the absorption maxima of the neutral molecule on first 

protonation and so it is difficult to calculate an accurate 

value of pK by absorptiometry. The pK value (8.1 + 0.5) 

171 

obtained agrees well with the literature value (7,6), 

f 

Since the monocation is non— fluorescent (even at 77K) and 
the shift in the absorption spectra is very small, the 
Forster cycle method can not be used to calculated the pK*. 
The value of pK* obtained from the plot of decrease of 
fluorescence intensities vs pH (Fig. 4.3) of BINH 2 is found 
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to be 8,0 and agrees nicely with the ground state value, 
thus indicating that the excited state equilibrium is not 
established in the state. It could be either due to 
low [h"*"] or small lifetimes of the conjugate acid base 
species. 

In dication, formed in the pH range 6—1, the proto- i 
nation occurs at the tertiary nitrogen atom of the BI 
moiety. The pK^ value, obtained absorptiometrically, is 
found to be very low (3.1) as compared to that of BI or 
BIM (5.5 or 6.19). Again the Forster cycle method can 

not be applied to calculate pK* for monocation— dication 

CL 

equilibrium as the monocation is nonf luore scent . The value 

of pK* obtained from the dication formation curve (Fig. 4.3) 
a. 

is 1,8, lower than the ground state value. This low pK 

SL 

value indicates that in BINH 2 the tertiary nitrogen atom 
is less basic than BI, probably due to the presence of 
the positive charge on the amino group of monocation. 

A large red shift is observed in the fluorescence 
spectra of dication in comparision to neutral BINH 2 . 

125 

According to the recent observation in our laboratory, 
upon excitation the cationic species of BI, formed by the 
protonation at tertiary nitrogen atom, ends up in the 
manifold of excited states which are very close to each 
other (i.e. TUTT and CT state). The energy of the emitting 
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state depends on the nature and position of the slabs tituen 
as well as on the nature of the solvents. This large red ; 
shift can be attributed to the stabilization of CT state 
in polar solvent. Moreover the charge transfer from 
benzene ring to imidazole ring will be facilitated due to ; 
the presence of the positive charge on the imidazole ring/ 
and the amino group. This will lead to the stability of 
the CT state . 

The small red shift observed in the absorption 
spectrum with increase of hydrogen ion concentration 
(H^< —1) and quenching of the fluorescence of 400 nm band 
could be due to medium effect and proton induced quenching i 
of the dication fluorescence. The quenching of fluorescence 
seems to be dynamic in nature rather than static as the 
400 nm fluorescence band is observed at 77°K (where the 
molecule is present under the ground state environment 
and movement of protons are restricted) and at 8 . 

Whereas the same fluorescence band is not observed under 
similar conditions at 300*^K. t 

f: 

'1 

[ 

The monoanion formed above pH 10 is due to the 
deprotonation of imino group rather than amino group 
because for amino deprotonation pK is generally >16 . This 

' 9 . ■! 

conclusion follows from the following results. (i) The i 

absorption and fluorescence maxima of the monoanion matche | 
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nicely with that of BI . This is expected due to the reason 
mentioned earlier. (ii) The pK values calculated spectro— 
photometrically is found to be 12.8, which is very close to 
that of BI (13 .1) . 

The formation curve of the 312 nm fluorescence band of 

monoanion can not be used to calculate pK*, since its fluorescence 

intensity increases contineously even up to H 16. The pK* value 

““ a. 

calculated from the plot of decrease of fluorescence intensities 
of BINH 2 vs pH (Fig. 4 . 3 ) is found to be 12.0. This value is 
consistent with the earlier results i.e. fluorimetric titration 
gives the ground state value in benzimidazole. 

Besides the 312 nm band, a red shifted band at 440 nm is 

observed at 300°K and only at H_16 . This band is structured 

(372, 392 and 409 nm) and blue shifted at 77°K. The vibrational 

frequency (1370 + 50 cm observed at 77°K matches with that of 

128 

the 2— phenylbenz imidazole under similar condition. Similar 

observation has also been found in 2— (hydroxymethyl) benzimidazole 

r 

(see section 4.2) . This bands can not be assigned to dianion, 
since there is no indication of its formation in the ground state 
and at 77°K, where the emission characteristics are governed by 
the ground state environment. The structured fluorescence 
spectrum can be assigned to the intramolecular hydrogen bonded 
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structure I or II , the latter one seems to be more probable. 
The similar behaviour is also noticed in case of the 



monoanion of 2— (hydroxymethyl) benzimidazole . This is only a 
speculation. Further study is necessary for the identifica- 
tion of this species. 


The pK and pK* values of all the prototropic reactions 

OL oL 

of BINH 2 / are compiled in Table 4.2, whereas different proto- 
tropic species are shown in scheme. Fig. 4.4. 

Conclusion: The presence of amino group have little effect 

on the spectral characteristics of benzimidazole due to the 
presence of a methylene group in between the two chromophores . 
Emission from CT state has been observed in case of dication, 
whereas in all other species the transitions are of n -♦ TC 
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4,2 2— (Hydroxymethyl) — (BMOH) and N— methyl-2— (hydroxymethyl )— 

benzimidazoles (MBMOH) * 

Figures 4.5 and 4.6 depict the absorption and f lucres* 

r 

cence spectra of the various pi'ototropic species of BMOH 
observed in the H^/pH/H_ range of -10 to 16. The relavent 
data are listed in Table 4.3. The same for MBMOH are 
included in Table 4.4. The following conclusions have been 
drawn on comparing the absorption and fluorescence spectra 
of BMOH and its various prototropic species with those of 
similar species of BI and BIM. 

The red shift observed in the absorption and fluores- i 
cence spectra of BMOH above pH 11 is due to the formation 
of monoanion. No change is observed in the absorption I 

spectrum of MBMOH upto H_16 but the fluorescence spectral 
intensities of the neutral species (292 nm) start decreasing ! 
above pH 12, without appearance of any other new fluorescence; 
band. The raonoanion of BMOH can be formed by the deprotonat— I 
ion of either -OH group or >NH group, but in MBMOH it can | 
only be obtained by the deprotonation of —OH group. The | 

pK value for this reaction of BIM^^*^' is 14.20 and that of 

3 . 

150 

CH^OH, it is 16—18. It is also known that electron 

withdrawing group increases the acidity (decreases the pK^) 


*H.K. Sinha and S.K. Dogra, Indian J. Chem.,2^, 1092 (1986) . 
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Table 4.3. Absorption maxima [X (nm)], log (€ ) and fluorescence 

SI rricLX 

maxima [X^(nra)] of different prototropic species of 
2— (hydroxymethyl) benzimidazole (BMOH) at 298°K 


Specie s/h^/ pH/H_ 

- - 


1 

t 

1 

1 

- 1 

X^ (nm) 

Monocation (pH 3) 

237 
(3 .49) 


268 

(3.83) 

275 

(3.82) 

372 

Neutral (pH 8) 

243 

(3.59) 

265 

(3.58) 

271 

(3.68) 

278 

(3.63) 

284 292 

Monoanion (H_16) 

225 
(3 .32) 

— 

280 

(3.89) 

295 

(3.80) 

312 


Table 4.4. Absorption maxima [X (nm) ] and fluorescence maxima [X_(nk)] 

SL IT 

of different prototropic species of N-me thy 1- 2— ( hydroxy- 
methyl ) benzimidazole (MBMOH) at 298°K 



bnocation (pH 3) 

239 

— 

268 

275 

eutral (pH 8) 

254 

268 

277 

282 

(H, 16) 

254 

268. 

277 

282 


286 298 
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and electron donating group decreases the acidity (increases the 
P^a) ♦ The pK^ value calculated spectrophotometrically for this 

f 

reaction in BMOH is 12.7 whereas for MBMOH it is greater than 16 , 

If BMOH is considered as a substituted methanol, i.e. the hydroger. 
atom of methyl group in methanol is replaced by electron withdraw- 
ing benzimidazolyl group, the pK^ value of CH^OH can not be 
reduced to such a low value (12,7) because of the presence of 
methylene group in between —OH and benzimidazole moiety. The 
methylene group will directly inhibit the interaction between the ■ 
two chromophores . Thus the agreement of absorption and fluores- 
cence band maxima of monoariion of BMOH with those of BIM and 
non— formation of monoanion of MBMOH upto H_16 clearly suggest that! 
the monoanion in BMOH is formed by the deprotonation of the imino ; 
group, both in S and S, states. The low pK (12.7) value of 

O 1 a 

BMOH as compared to those of BI (13.25) and BIM (14,20) indicates i 
that the negative inductive effect of —OH group outweighs the 
resonance effect, thereby decreasing the charge densities at 
tertiary nitrogen atom and the imino group. In other words 
such an effect increases the acidity of the imino group and 
decreases the basicity of the tertiary nitrogen atom. In fact, 
the acidity and basicity of acidic and basic sites of benzimidazole' 
have been seen to be modified by sxibstituting various functional i 
groups of different electronegativities (see later) at position 2, I 
in particular. 
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★ 

The pK value/ calculated with the help of Forster cycle 

cL 

method and fluorimetric titration are listed in Table 4.5. 

Forster cycle method reveals that the imino group becomes 
stronger acid upon excitation. But the fluorimetric titration 
curves (Fig. 4,7) give a value very close to the ground state 
value indicating that the complete equilibrium is not established 
in the excited state. This result is consistent with the similar 
study on the deprotonation or protonation reactions of BI . 

Further it has been found that the fluorimetric titrations yield 
the ground state pK if these fall in the range of 3—10. This 
is because of the small concentration of protons (or hydroxyl 
ions) and thus the rate of protonation (or deprotonation) can 
not compete with the rate of radiative processes. It can also 
be due to the shorter lifetimes of the conjugate acid— base pairs 
and thus equilibrium is not achieved during the lifetimes of the 

I 

species. The second argument seems to be more favourable because 

the lifetimes of the various substituted BI ' s are found to be 
★ 

less than 1 ns . 

The decrease in fluorescence intensity of MBMOH without 

appearance of any other band beyond pH 13/ could be due to the 

formation of non-f luorescent monoanion. The pK* value calculated 

a 

from the decrease in the relative fluorescence intensity of MBMOH 


*H.K. Sinha and S.K. Dogra, unpublished results. 
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is found to be 13.7, indicating that hydroxyl group becomes more 

acidic upon excitation. But this increase in acidity is less 

than that observed in the case of phenols, naphthols’^ and 
174 

phenanthrols, probably due to the presence of methylene group 
in between the two chromophores . 

No dianion of BMOH is observed either in S or S- state 

o 1 

after pH 14 indicating that pK^ for deprotonation of hydroxyl groil 

is greater than' 16 and may be further increased due to the 

presence of negative charge on the imino nitrogen atom. But at 

77°K and above pH 14 besides 312 nm band (which is slightly blue 

shifted) a well structured band appears after 370 nm. Similarly 

for MBMOH at H_16 and 77°K a well structured fluorescence band 

appears near 370 nm, though there is no ground state deprotonatioii 

and at 300'^K the monoanion is non— fluorescent . This band can not i 

be either due to dianion of BMOH or the monoanion of MBMOH as there 

no indication of their formation in S state and further in 

o 

solid state at such a low temperature the emission characteristics 
are governed by the environment existing in the ground state. 

This could be due to the formation of species I or I ' in the i 

solid state at low temperature. Further experiment in solid 
state is necessary for confirming it. 
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I 


The monocation is formed by the protonation of tertiary- 
nitrogen atom below pH 6. As mentioned in section 4 . 1 , the 
large red shift observed in the fluorescence spectrum of mono- 
cation as compared to the neutral species could be due to either 
large change in the basicity of tertiary nitrogen atom or 
presence of charge transfer state. A close look at the behaviour 
of 2— substituted benzimidazoles in acidic medium suggests that 
the charge transfer processes outweighs all other processes. 


The pK^ value for this equilibrium reaction, calculated 

spectrophotometrically, is 4.2 (Table 4.5). This value is quite 

low as compared to the similar reaction in BI (5.3) or MBI (6.19) . 

This can be explained with the help of negative inductive effect 

as suggested earlier, on the other hand, this value is quite high 

127 

as compared to similar reaction of 2— hydroxybenz imidazole . 

This 'is due to the introduction of the methylene group in between 
-OH and BI moiety, which inhibits the tautomerism or the formation 


of keto tautomer 
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The pK* data (Table 4.5) calculated with the help of 

Forster cycle method as well as fluorimetric titration method 

are consistent with those obtained in the similar compounds for 

protonation of ^.tertiary nitrogen atom. Again the fluorimetric 

titration (Pig. 4.7) gave a ground state pK value, which could 

a. 

be due to very short lifetimes of conjugate acid— base pair, as 
mentioned earlier. Various prototropic reactions occuring in 
the ground and excited singlet states are mentioned in scheme, 
figure 4.8. 

The fluorescence intensity of 372 nm band (monocation) 
starts quenching below pH 2 and is completely quenched at 5, 
without the appearance of any other new fluorescent species. 

No change in the absorption spectrum is noticed in this range of 
hydrogen ion concentrations. The fluorescence intensity of 

2 — 

monocation remains the same with added amount of K 2 S 0 ^ upto SO^ 
ion concentration matching with that produced by the addition of 
H 2 SO 4 at 300°K. This clearly suggests that the decrease in the 
fluorescence intensity is due to the proton induced quenching. 
Since the fluorescence intensity remains the same under this 
environment at 77 '^K, this reveals that the quenching of fluores- 
cence intensity is of dynamic in nature in the state at 300°K. 
Plot of (I^/l) vs proton concentration [stern-Volmer plot] is 
shown in Fig. 4.9 and the plot is linear upto [h"^] = O.IM. A 
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Table 4,5. pK and pK* of various prototropic reactions of 
a a 

2— (hydroxymethyl) — (BMOH) and N-methyl— 2- (hydroxy- 
methyl) benzimidazoles (MBMOH) at 298°K 


r 

1 

Equilibrium 1 

1 

P^a ' 


P^a 


[ Abs » ^ 

Flu.^ 

FT^ 

Reaction of BMOH 





Monocation =*> Neutral 



CM 

• 

3.6 

— 

4.4 

Neutral ^ Monoanion 

12.7 

10.7 

8.9 

12.2 


V 


Reaction of MBMOH 


Monocation ^ Neutral 4.4 2.5 — 4.3 



Neutral ^ Monoanion 16 — — 13.5 

\ 


^Forster cycle 'method. 

}d 

Fluorimetric titration method. 
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3 —1 

value of k T = 3.9 dm mol is obtained from the slope, where k 
q q 

is the proton induced quenching constant and X is the molecular 

lifetime of monocation. The radiative lifetime of the 

monocation is dalculated using Strickler^Berg equation. The 

molecular lifetime, obtained from the relation T- = "C ^.,0, where ^ 

is the fluorescence quantum yield, is found to be 2,2 ns. Hence i 
9 3 ~1 “1 

kg = 1 .7 X 10 dm mol sec . The value is of the same order 

125 

of magnitude as observed in other cases. The departure from 

linearity in the Stern— Volmer plot could be due to the non— ideal 
behaviour of the solution after = O.IM. 

Following conclusions can be drawn from the above study. I 

(i) The first deprotonation reaction in BMOH takes place from 

the imino group rather than from the —OH group, as reported in 
1 * 7 ^ 

the literature. (ii) The molecule BMOH behaves like 2— methyl- ; 

benzimidazole where the hydrogen atom of methyl group is replaced 1 
by the —OH grpup in one sense and like a methanol where one of j 
the hydrogen atom of methyl group is replaced by the benzimidazole; 
moiety. The BMOH does not behave like 2-hydroxybenz imidazole, 
which is reflected from the pK^ and pK^ values of the various ! 

cl a. 

prototropic reactions. (iii) The presence of methylene group i 

j 

between BI moiej^y and the -OH group stops their direct interaction! 






161 


4.3 2- (Chloromethyl) - (CMBI) / 2— (dichloromethyl) - (DMBI) , 

5— chloro— 2— (-brichloromethyl)— (TMBI) ^ 2— ( trif luoro— 
methyl)— (FMBI) / 2— (cyanomethyl)— (CNBI) and 
2-chlorobenzimidazole (2CBl) * 

Figures 4.10 and 4.11 depict the absorption and 
fluorescence spectra of all the BI ' s studied in this 
section. All the spectral data are summarized in Table 
4.6. It is clear from Table 4.6 that the long wavelength 
absorption band of all the BI ' s are slightly blue shifted 
in acidic medium (pH ^4, depending on the BI's). The 
~ 244 nm band under the same conditions is either merged 
with the long wavelength band (CMBI and FMBI) or is slightly 
blue shifted (DMBI, CNBI and 2CBl) . The same band is i 

slightly red shifted in TMBI . The species present under 
these conditions is the roonocation of the respective BI, 
formed by the protonation of tertiary nitrogen atom. The 
blue shift in the long wavelength absorption band can be 
explained on the basis of the effect of proton donor 
solvents, as has been done in section 3.1, because the proto- 
nation is the extreme case of hydrogen bonding interaction. 

■No further change is observed in the absorption spectra even 
upto H^— 10, indicating that no dication or any other species 
is formed in the state. 

^ I : ^ ^ — 

H.K. Sinha and S.K. Dogra, J. Chem. Soc. Perkin Trans. 2, 
in press. 
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Table 4.6. Absorption maxima [X (nm) ], log(fe ) and fluorescence maxima [X^(nm)] of different 

cL rn33c ^ 

prototropic species of 2-(chloromethyl)-(CMBI) , 2- (dichloromethyl) - (DMBI) # 5-chloro- 
2- (trichloromethyl) - , 2— ( trif luoromethyl) - (FMBi) , 2-(cyanomethyl)-(CNBl) and 

2— chlorobenzimidazole (2CBI) at 298°K 
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The absorption spectrum is red shifted at pH ^10, depend; 
on the particular BI. The absorption spectrum in each case is 
assigned to monoanion, formed by deprotonation of the imino 
group. The spectral changes observed are consistent with the 
deprotonation reaction of the imino group of BI . But in the 
basic solution TMBI behaves quite differently, which will be 
discussed at the end of this section. 

Fluorescence spectra of all the BI ' s are largely red 

shifted in the acidic medium (pH ^ 3 depending on particular BI) ,' 

with the exception of 2CBI and TMBI, which are non— fluorescent . 

The species formed is a monocation in the excited state, similar 

to that formed in the ground state prototropic reaction. The 

unusual red shift is due to the stabilization of charge transfer 

state in polar solvents. Thus unlike neutral BI's where lowest : 

energy excited state is a TCTT* state, with the exception of TMBI 

and FMBI, the lowest energy excited state in the monocations of ; 

BI's is the CT state. Further, unlike methyl substituted 
125 

benzimidazoles , no other fluorescence band of monocation of 
BI's, blue shifted as compared to the neutral ones, are observed; 
Thi.s suggests that either fluorescence quantum yield of the rr ^ I 
transition of these cations are very low or CT state is the onlyl 
pathway for deactivation of the monocations from the manifold 


of excited states 
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On the other hand, the red shift observed in the fluores- 
cence spectrum of monoanions is very small, with the exception 
that monoanion of 2CBI is non-f luorescent and a blue shift is 
noticed in case of FMBI. The fluorescence maxima in all these 
cases closely match with those observed in all other BI ' s 
studied. Thus the emitting state in case of monoanions is of 
71 71* character . 

As mentioned in section 3.1, the lowest excited singlet 
state of TMBI and FMBI is of CT character and the assignment 
is based on the effect of solvents of various polarities on 
the fluorescence spectra. This has been explained on the basis 
that the presence of the strong electron— withdrawing group in 
the imidazole ring at 2— position acts as a driving force for the 
charge migaration from benzene to imidazole ring. The possible 
reason for the fluorescing state to be of nrc character in case 
of monoanion of all the BI's is the presence of negative charge 
on the imino group of the imidazole ring. This will inhibit 
the charge migration from benzene to imidazole ring. The blue 
shift obsejrved in case of FMBI is consistent with the above , 
explanation, because the negative charge present on the imino 
group of imidazole ring, is absent in the neutral molecule. This 
is further confirmed from the results of FMBI in cyclohexane 
containing 1% piperidine (v/v) , where 310 nm fluorescence band is 
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observed due to the formation of monoanion. Here the proton 
attached to the imino group of the imidazole ring has been 
extracted by piperidine as the pK value for the protonation 

cL 

of piperidine is more than the pK value for the deprotonation 
^ a 

reaction of FMBI/ (see later in this section).. The behaviour 
of TMBI in similar basic condition either in aqueous media or 
non-polar media containing piperidine is quite different and this; 
is discussed in the following paragraph. i 

The absorption spectrum of TMBI is red shifted on increas— : 
ing the pH upto 13 , indicating the formation of monoanion, by 
deprotonation of >NH group, as this is generally observed in ; 
all BI's. But further increase of basic strength of the solution; 
results in a blue shift in the absorption spectrum (from 310 nm 
to 300 nm) , This blue shifted absorption spectrum matches with 
the dianion, obtained by deprotonating the -GOOH and >NH groups 
of 5— chlorobenzimidazole— 2— carboxylic acid (see section 4.7). ] 

On the other hand the intensity of fluorescence spectrum (350 nm) I 
of the neutral TMBI under these condition remains constant upto 

pH 12 and a sudden enhancement is observed at pH 13, without 

' ' ■ '' ' i 

appearance of any other new fluorescence band. The intensity { 

i, 

of this fluorescence band increases very slowly after H_14. I 

This behaviour also resembles to that observed in case of above : 
mentioned acid in the basic conditions. All these reactions are i 
irreversible in the sense that on slow acidification the absorptioi 
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and fluorescence spectra of various species obtained do not agree 

with those of TMBI but agree nicely with those of the acid. This 

clearly suggests that athigh pH/ hydrolysis of TMBI occurs to 

give respective 2— substituted carboxylic acid/ as reported in 

the literature. The absorption and fluorescence spectra of 

TMBI in cyclohexane containing piperidine were recorded. Unlike 

PMBI/ this reaction seems to be more complicated than the simple ; 

removal of proton from >NH group to form monoanion. This could 

be due to the reaction of -CCl^ group with the base/ where the i 

Ml- '' 

chlorine atoms can be replaced by a base if present in excess. 
pK values: The pK values for the monocation— neutral and 

O 0. 

neutral— monoanion for all the BI's are calculated spectrophoto— 
metrically and are listed in Table 4.7. The pK^ values for the 
protonation and deprotonation reactions of parent BI are 5.48 
and 13.25 respectively. Further it has been seen that the 
presence of electron donating group in the parent molecule 
increases the pK and the presence of electron— withdrawing group ; 
decreases the, pK^ of the respective equilibrium. Here as all the | 
groups are of electron— withdrawing in nature/ the results are 

consistent with the above observations i.e. pK values are lower : 

a. ■ , 

than that observed in case of parent BI . 

Comparision of the pK values of the monocation— neutral 
and neutral— monoanion equilibria of 2CBI and CMBI indicate that 
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the pK values of the former are lower than those observed in 

3 . 

the latter compound. This again reflects that the presence of 
methylene group in between benzimidazolyl and chloro group 
inhibits their direct interactions. This also indicates that 
the inductive effect of chloro group is more predominent than 
the resonance effect* Further, cyan© group is a better electron- 
withdrawing group than the chloro, but it can be visualized by 
comparing the results of CMBI and CNBI that the presence of 
methylene group has really decreased their direct interactions, 
whereas in 2CBI, chlorine atom is directly attached to the ring 
and can interact more effectively. 

pK^ values for both the equilibria have been calculated 
with the help of fluorimetric titration (Fig. 4,12, 4,13 and 4.14) 
and Forster cycle method using absorption and fluorescence data 
wherever applicable. For example, the latter method can not be 
applied to calculate the of raonocation— neutral equilibrium 

in all the cases except FMBI, because TI TC is the nature of 
transition in the neutral molecule, whereas CT is the lowest ; 

energy transition in case of monocations. Similarly the latter I 
method can not be used to calculate the pK of the neutral-morio— 
anion equilibrium of FMBI. But wherever this method is applicable 

the trend observed in pK is consistent with the behaviour of all I 

a ^ ■ 

the BI's studied. The results obtained from fluorimetric titratio 
are agreeing with the earlier findings that either ground state 



CMBI 

2CBI 




I/Io or I7l 



Ho/pH/H_ > 

Fig, 4. 13 Plot of l/l as a function of H /pH/H_ of 
2— (dichloromethyl) (DMBI) and 2- (trif luoro- 
methyl) benziraidazoies (FMBl) . 
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Table ,4.7. pK and pK of various prototropic reactions of 

3 . 3 . 

2— ( chloromethyl) — (CMBI) / 2— (dichloi-omethyl) — (DMBI) , 
5— chloro— 2— ( trichloromethyl) — (TMBI) , 2- ( trif luoro- 
methyl) — (FMBI) # 2— (cyanomethyl) — (CNBi) and 2— chloro— 
benzimidazoles at 298°K 


Compound 

— r r“ 

1 1 

* T^x<r I— 


pk; 


1 T- 

1 3 1 

! 1 

Abs.^ 

Flu.^ 

■rvm^ 

FT 

Monocation — ^ Neutral 

CMBI 

4.0 

3.4 

— 

5.0 

DMBI 

4.1 

3.0 


5.0 

TMBI 

0.3 ■ 

2.2 

- 

-T 

FMBI 

0.6 

0.3 


0.4 

CNBI 

3 .5 

2.7 

- 

3.5 

2CBI 

2.1 

1.6 

— 

0.0 

Neutral Monoanion 

X 

CMBI 

12.7 

10.3 

11 .8 

12.2 

DMBI 

12.9 

12.1 

10.4 

12.2 

TMBI 

10.3 

7.0 

- 

- 

FMBI 

10.1 

9.3 

- 

9.3 

CNBI 

12.0 

11.2 

6.7 

11 .0 

2CBI 

■9 ,4 

8.1 

— 

11.3 


3 

Forster . cycle method. 

T_ 

^Fluoirimetric titration method. 
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pK values are observed from fluorimetric titration because of 

9L 

the short lifetimes of the conjugate acid-base pair or the 
tertiary nitrogen atom becomes stronger base and imino group 
becomes stronger acid upon excitation. The pK values for the 

cL 

neutral-mono anion equilibrium of TMBI can not be calculated 
from fluorimetric titration because of the reasons mentioned 
earlier. 

In case of 2CBI the pK* values for these equilibria are 

different from the rest of the BI ' s mentioned in this section 

i.e. tertiary nitrogen atom becomes less basic and >NH group 

becomes more basic, upon excitation, an exactly opposite trend. 

Since monocation and monoanion of 2CBI are non— fluorescent, 

nothing can be inferred conclusively but it seems that (i) At 

low pH conditions, the inductive effect of chloro group is more 

predominant and thereby reducing the charge density at the 

tertiary nitrogen atom and (ii) at high pK condition, the 

resonance effect of chloro group is more predominant and there 

by increasing the charge density at the imino group. Similar 

kind of behaviour of chloro and bromo groups have been observed 

178 

in other cases also. ' 

Conclusion * The substitution of strong electron— withdrawing 
group at 2 position of the imidazole ring has been found to 
enhance the charge transfer character of the emitting state . 
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Insertion of a methylene group in between two functional groups 
reduces their direct interaction drastically. 


4.4 2— ( 2 * -Hydroxyphenyl ) — (OHBI ) and 2- ( 2 ' -Me thoxyphenyl ) — 

benzimidazoles (OMBI)* 

The absorption spectra of various prototropic species 
of OHBI and OMBI were recorded in different hydrogen ion 
concentrations and the relevant data are summarized in 
Tables 4.8 and 4.9 respectively. The absorption spectra 
of the various prototropic species of OHBI and OMBI are 
given in Figures 4.15 and 4,16 respectively. 

At the highest H^(— lO) value the species present 
in the ground state are the dications of OHBI and OMBI 
formed by the protonation of tertiary nitrogen atom and 
the ring carbon atom. This conclusion is drawn from the 
absorption spectral study as the red shift in the absorption 
spectrum of the monocation is observed when the dication is 
formed on further protonation. This is consistent with 
the results obtained by others for similar protonation 
reaction of aromatic hydrocarbons. Had the protonation 
occured at the hydroxy or methoxy group, there would have 


*H.K, Sinha and S.K. Dogra, Chem. Phys., 102 , 337-347 (1986) 
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Fig. 4. 15 Absorption spectra of various proto- Fig. 4. 16 Absorption spectra of various proto- 

tropic species of 2- (2 ‘-hydroxy- tropic species of 2- (2 '-methoxy- 

phenyl) benzimidazole (OHBI) at 298 K. phenyl) benzimidazole at 298°K, 
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been a blue shift in the absorption spectra of the monocation, 

127 

as noticed in other similar compounds. The blue shift 

observed in all the absorption bands, with the decrease of 
hydrogen ion concentration (H^-5 to pH 3) suggests the formation 
of monocations/ formed by the protonation of tertiary nitrogen 
atom. In the pH range 5—8, the species present are neutral. A 
red shift in the band maxima of OHBI indicates that the monoanion 
is formed, in the pH/H_ range 9 to 15, by the deprotonation of 
hydroxyl group. The de protonation of aromatic hydroxyl group 
generally falls in this pK range. The large red shift (22 nm) 
in the long wavelength absorption band of OHBI and unchanged 
absorption spectrum untill H_15, does suggest that some other 
process is taking place besides this deprotonation of phenolic 
group. The pK for the deprotonation of >KIH group of benzimi— 
dazole is 13.25, which is not observed in the above case. Only 
at H__16, a large blue shift is observed, suggesting that the 
dianion is formed by deprotonating the >NH group. But the 
spectral shift observed in the last step is opposite to what 
is normally observed in the deprotonation of an imino 
groups. ' ' A similar kind of observation is also 

found in the deprotonation reaction of the > NH group of OMBI , 
but the monoanion is fomed at a lower pH ( "^IB) . The pK value 

a. 

for the deprotonation reaction of imino group of OMBI (13.3) is 
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consistent with the similar reaction of other benzimidazoles. 

But the blue shift observed in the absorption spectrum could be 
due to the loss of coplanarity of the phenyl ring. The broad 
absorption spectrum without any vibrational structure also 
indicates this I 

The large red shift observed in the absorption spectrum 
of neutral species of OHBI due to the formation of monoanion, 
could be due to the formation of a rigid structure as depicted 
below. The driving force behind this structure is the formation o 



\ / 
H— 0 


intramolecular hydrogen bond between the phenol ate ion and the 
imino proton, leading to the formation of a six membered ring 
stricture. Further support to the existence of this structure 
can be obtained from the following arguments: (i) The pK, value 
Of >NH deprotonation reaction is >16, higher than the pK^ value 
for siinilar reaction in OMBI and BI's. (ii) The blue shift 
observed in the absorption itiaximiim of dianion also agrees to the 
above description that the imino proton is tightly bound to the 
phenolate ion and its deprotonation will lead to loss of intra- 
molecular hydrogen bonding as well as co-planarity of the’ phenyl 
group as noticed in case of GMBI . 
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The fluorescence spectra of various prototropic forms of 
OHBI and. OMBI are shown in figures 4.17 and 4,18 respectively. 

The relevant spectral data are summarized in Tables 4.8 and 4,9. 

The fluorescence spectral data clearly indicate that the proto- 
tropic species of OMBI formed in the excited singlet state are 
same as those in the ground state, with the exception at highest 
value, where the blue shift observed in the fluorescence 
spectrum at H^— 10 is due to the dication formed by the protonation ; 
of tertiary nitrogen atom and methoxy group. Similar results 
havealso been observed in case of 2— hydroxy— and 2— methoxy— 
carbazole * and 2— hydroxybenzimidazple. At low hydrogen 

ion concentration, the red shift observed in the fluorescence 
spectrum is due to the mono cation of OMBI, protonated at the 
tertiary nitrogen atom. The blue shift followed by a red shift 
in the fluorescence spectrum in the pH range 3 to 14, indicate the 
formation of neutral species first and then the monoanion, formed 
by deprotonation of >NH group. The above results are consistent 
with earlier findings that the red shift is observed in fluores- 
cence spectra when protonation takes place at the tertiary nitrogen 

ie 

atom or when the deprotonation of the imino group occurs if TC ♦- ,Tr 
is the lowest energy transition. Unlike the absorption spectral 
shift, the red shift observed in the fluorescence spectirum of 
monoanion on its formation from neutral species shows that the 
molecule aquires planarity in the excited singlet state. 
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Table 4.8. Absorption maxima [X (nm)], log (€ ) and fluorescence maxima [X„(nm)] of 

cL rnQ.jx. I. 

different prototropic species of 2- (2 '—hydroxyphenyl) benzimidazole (OHBI) 
at 298°K. 
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Table 4.9. Absorption maxima [X (nm) log(€ ) and fluorescence maxima [X^(nm)] of 

0. in0x JL 

different prototropic species of 2- ('2 •—methoxyphenyl) benzimidazole (OMBI) 
at 298°K. 
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The fluorescence results of OHBI (Table 4.8 ) indicate 
that the prototropic reactions observed in the excited singlet 
state are different from those in the ground state. The fluores- 
cence band maximum and intensity of the 410 nm band (monoanion) 
remain constant in the pH/h_ range 10 to 16, indicating that 
no dianion of OHBI is formed in the excited singlet state. This 
is unlike the ground state reaction of OHBI, as said earlier. 

This suggests that the intramolecular hydrogen bond formed 
between the imino proton and the phenolate ion is much stronger in 
the excited singlet state than in the ground state. The existence 
of a cyclic structure (see page 178 ) is further confirmed from 
the fact that the guant\am yield of the monoanion is very large 
as compared to any other prototropic species of OHBI. The 410 nm 
band is thus assigned to the monoanion formed by the deprotonation 
of the hydroxyl group. In the pH range 9 to 6 the fluorescence 
band systems observed resemble to those observed in near neutral 
aqueous solution i.e. 430 nm fluorescence band is assigned to 
tautomer (species IV, Fig. 4.19) and 350 nm band to the open 
structure (species III, Pig. 4.19) formed in the excited singlet 
state , as said earlier in the previous chapter (page 98 ) . The 
prbtonation at the phenolate ion without any structural reorgani- 
sation or intramolecular proton transfer would have lead to a 

blue shift in the fluorescence spectrum of the anion, because the 

43 182, 

protonation of the latter system i.e. phenolate, * naphtholate 
and 9-phenanthrolate^'^*^ have given rise to blue shift in the 
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absorption and fluorescence spectra. But on increasing the acid 
concentration, a gradual red shift in the 430 nm band upto 440 nm 
with the disappearance of normal Stokes shifted band (350 nm) , is 
observed. This new band is assigned to the formation of 
zwitterion (species V, Fig. 4.19) due to the electronic reorgani- 
sation, The assignment of 440 nm band to zwitterion can be made 
on two grounds: (i) band maxima observed for various species 
are in the order ofX ... . bX . "^X NX ^ 

and thus agrees with our observation and (ii) increase in the 
acidity and basicity of hydroxyl group and tertiary nitrogen 
atom in excited singlet state is such that the order of the 
prototropic reactions changes upon excitation with respect to 
the ground state. Similar observations have been observed in 
case of molecules containing both electron donating and electron 
withdrawing functional groups. * ' Below H^-4, a large blue 

shift (from 410 nm to 386 nm) is observed in the fluorescence 
spectrum. With the above arguments in mind and the resemblance 
of this fluorescence spectrum with the monocation of OMBI, we 
conclude that this band is due to the monocation of GHBI, formed 
by protpnating the tertiary nitrogen atom (species VI, Pig. 4.19) 
Lastly at 10, a blue shifted structured fluorescence band 
(X^ax 360, 376 nm) , similar to that observed for OMBI is 

noticed. This species is identified as dication (species VIII, 
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Pig. 4.19), formed by further, protonating the hydroxyl group of 
raonocation. Figures 4.19 and 4,20 depict the scheme of the 
various prototropic reactions of OMBI and OHBI both in the 
ground and excited singlet states, respectively. 

pK values 

★ 

pK and pK values of various prototropic reaction of 

cL dL 

OHBI and OMBI were determined by absorptiometric and fluorimetric 
titration. The fluorimetric titration curves are shown in figure 
4.21. The pK* values for various equilibria were also determined 

s cL 

by Forster cycle method, using absorption and fluorescence data 
wherever applicable. All the data are summarized in Table 4.10. 

The Forster cycle method can not be used to calculate the 

★ 

pK^ values in case of OHBI as the various equilibria involved 
are different in the ground and the excited singlet states. The 

'k 

pK value for the dication-monocation equilibrium of OHBI and 
OMBI could not be evaluated by fluorimetric titrations as the 
formation of the former species are not complete even at the 
highest acid concentration used in this experiment. Again the 
Forster cycle method can not be used for this equilibrium also 
because the prototropic reaction involved in the ground state 
is different from that in the excited singlet state. 

The pK* values for the monocation-neutral and neutral— 
a 

monoanion equilibria of OMBI are consistent with the earlier 
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findings that the f luorimetric titrations give the ground state 
values for the protonation and deprotonation reactions of 
tertiary nitrogen atom and imino group respectively. Since the 
pK values calculated for different prototropic reactions of 

a. 

OMBI, using Fors'ter cycle method# indicate that the tertiary 

nitrogen atom becomes more basic and an imino group becomes 

\\ 

more acidic upon excitation to the singlet state# it can be 
infex'red that the radiative lifetimes of the neutral# monocation 
and monoanion species must be short for proton exchange to occur 
appreciably within the lifetimes of these species at these pH 
values in the excited singlet states . The small difference 
observed using absorption and fluorescence data could be due to 
the use of band maxima rather than using o— o transitions and the 
different solvent relaxations for the conjugate acid— base species 
involved in the particular equi!ljibrixim in different electronic 
states. The increase in the basicity of the tertiary nitrogen 
atom OMBI upon excitation is quite small as compared to that in 
pyrazoles ' “ * and imidazoles . ^ This is because the charge 

migrated from the benzene ring to the imidazole ring is not only 
concentrated on imidazole ring but also distributed over the 
phenyl ring substituted at 2— position. Similar results are 
observed in the similar system of benzimidazoles. As the 

difference in the fluorescence intensities of tautomeric species 



OHBI 
0MB I 




Table 4.10. pK and pK* of various prototropic reactions of 2-(2 '-hydroxyphenyl)-(OHBl) 

3. ^ O 

and 2— (2 '—methoxyphenyl) benzimidazoles (OMBi) at 298 K. 
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and anionic species are quite large, the pK* value for this 
equilibrium is calculated at 1/1 q = 0.5 for the anionic species 
(see Fig. 4 .21 ) 

Following conclusions can be drawn from the above study: 

(i) Intramolecular proton transfer is very fast in the excited 
singlet state. Competition between the intra and intermole- 
cular proton transfer in protic solvents leads to the 
establishments of the equilibrium between the open (where 
intramolecular hydrogen bond is absent) structure and 
phototautomer . 

(ii) Excitation spectra recorded at two fluorescence band maxima 

showed that the ground state species is the same for two 

fluorescent species, indicating that the phototautomer is 

formed in the excited singl^et state . 

\ 

( iii) The Stokes shift observed in the phototautomer is very large . 

(iv) Prototropic species formed in the excited states are 
different from those formed in the ground state i.e. 

(i) Phototautomer and the zwitterion are formed only in 
the excited state (ii) Dianion of OHBI is not formed in the 
state (iii) The dication of OHBI in and states are 


different 
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• 5 2— (4 Hydroxyphenyl) — (PHBl) and 2— (4 ' — Methoxyphenyl) — 
benzimidazoles (PMBI) 

Figures 4,22, 4.23, 4,24 and 4,25 show the absorption 
and fluorescence spectral profiles of PHBI and PMBI studied 
in the H^/pH/h_ range of —10 to 16. The relevant data are 
compiled in Tables 4. 14 and 4.12. 

In the highly basic condition i.e, H_16, formation of 
the dianion of PHBI (312.5 nm) is indicated, this being 
obtained by deprotonation of the hydroxyl and imino groups . 
With a decrease in pH a blue shift (307.5 nm) is observed in 
the absorption spectrum and this reflects the formation of 
monoanion. The monoanion can be formed by the protonation 
of either imino group nitrogen atom or the phenolate ion. 

Since the phenolate ion. is 'jtaore acidic than the imino group, 
the proton will be added to the imino group at pH >11. This: 
is further confirmed by a pK values of 13.9 for this reaction 

9L 

calculated spectrophotometrically and it is in agreement with | 
the value for the deprotonation reaction of the imino group i 
of benzimidazoles. A similar pK_ value (12.10) is observed 

oL I 

in case of its methoxy derivative, where there is no dissocia-j 
ble hydroxyl proton. With increase in hydrogen ion concen- 
tration a further blue shift (289 nm) is noted in the absorpt4 


*H.K. Sinha and S.K. Dogra, J. Photochem., _3§' (1987) . 
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Table 4.11. Absorption maxima [X (nm)j, log(fe ) and fluorescence 
maxima [X^(nm)] of different prototropic species of 
2- (4 '-hydroxyphenyl) benzimidazole (PHBl) at 298°K. 


Species/H^/pH/H_ 

X 


X^(nm) 

- 

Dication (H -10) 
o 

- 

242,5 
(3 .89) 

288 

(4.28) 


Monocation (pH 2) 

1 

- 

255 
(3 .99) 

297 

(4.17) 

366 

Neutral (pH 7) 

- 

245 

(3.97) 

289 

(4.10) 

326 344 356 

Monoanion (pH 11) 

202.5 

(4.90) 

250 

(3.96) 

307.5 

(4.23) 

386 

Dianion (H_16) 

227.5 

(4.60) 

252 

(4.09) 

312.5 

(4.27) 

390 

Table 4.12. Absorption maxima [X 

(nm)], log(G ) and fluorescence 

^ max 

maxima 

[X^(nm)] of 2— 

(4 ’—methoxyphenyl) benzimidazole 

(PMBI) 

at 298° 

K. 



Species/H^/ PH/ h_ 

X 


X^(nm) 

Monocation (pH 2) 

242 

(4.03) 

294 

(4.27) 

325 

(3.84) 

375 

Neutral (pH 7) 

239 

(4.03) 

294 

(4.27) 

316 

(4.03) 

357 

Monoanion (H_16) 

250 

(4.08) 

311 

(4.28) 

330 

(4.05) 

370 
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spectram/ where as such a change is not observed in case of the 
PMBI . This indicates that the neutral species has formed by 
protonating the phenolate ion. The pK value for the neutral 

3 . 

species-monoanion equilibrixam (9.4) falls in the region where 
phenolic —OH dissociates. With further increase in hydrogen ion 
concentration# a red shift is observed both in PHBI (297 nm) and 
PMBI (325 nm ) , indicating the formation of respective monocations 
by the protonation of tertiary nitrogen atom. These pK values 
also lie in the same region where the monocation of the benzimi- 
dazoles are formed. Lastly# at H^— 10# a small blue shift in the 
absorption band reflects the formation of dication by the proto- 
nation of hydroxyl and methoxy groups of monocations of PHBI and 
PMBI respectively. 

The changes observed in the fluorescence spectra are 
similar in nature to the absorption spectra over the complete 
range of H^/ph/h_. At H__16 dianion is present (390 nm) , which 
is followed by the formation of monoanion (386 nm) like absorption 
spectrum with the increase in hydrogen ion concentration at pH 11. 
Neutral species is present at pH 7 (356 nm) and the monocation at 
pH 2 (366 nm) , The similar shifts in the fluorescence spectrum 
are observed in case of its methoxy derivatives (PMBI) . 

The red shift observed in the fluorescence spectrum of 
monocation of PHBI is quite small as compared to that of the 
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125 

similar species of alkyl derivatives of benzimidazole , but 

this small red shift resembles the shift observed for the cation 

128 

of benzimidazoles when substituted by the phenyl or the 
157 

4— thiazolyl groups at the 2— position. This is because the 

positive charge over the tertiary nitrogen atom in the monocation 

is delocalized over the complete 71 system of the phenyl group, 

instead of being concentrated on the tertiary nitrogen atom. 

This behaviour is different from that of the methyl siibstituted 

derivatives of the benzimidazole, where a large red shift is 

observed in the formation of monocation, when compared with that 

of the neutral species . Thus it can be concluded that the 

stabilisation of charge transfer (CT) state in case of PHBI and 

PMBI does not occur to such an extent so as to make its energy 

1 

lower than that of the state. Therefore, the emitting state 

of the monocations of PHBI and PMBI is the same as that observed 

1 

in the absorption spectrum, i.e. In contrast to the absorpt- 

ion spectrum, no further change is noticed in the fluorescence 
spectrum even upto H_10. This indicates that the dication formed 
in the ground state is unstable in the excited singlet state. 

This could be due to the distribution of the positive charge of 
the monocation over the phenyl ring, making the —OH group more 
acidic in the state than in the state. Different proto- 
tropic species formed in the ground and excited states are shown 
in the scheme; Pig. 4.26. 
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pK values 

^ 

The ground state pK^ values for the various prototropic 
reactions were calculated spectrophotometrically and are listed 
in Table 4.13. The pK* values were calculated by Forster cycle 
method, using absorption and fluorescence data and the average 
of absorption and fluorescence maxima. This method is valid 
in these cases, since it has been established that the electronic 
transition involved in the respective species are the same in 

ic 

the S and states. The pK so obtained are listed in Table 4.13 1 

O J. o. 

The fluorimetric titrations (Pig. 4.27) gave the ground state values 
indicating that the lifetimes of the respective species are quite ; 
short and the equilibrixom is not established in the excited 
singlet state. The Forster cycle method has clearly indicated 
that —OH and >NH groups become more acidic on excitation, whereas 
the tertiary nitrogen atom becomes more basic. The values of pK* I 
obtained by different methods are very close to each other. This 
agrees with the earlier discussion that especially in PHBI and i 

its methoxy derivative the polarity of the molecules in the j 

and states are nearly same and thus the solvent relaxation for 
different species is nearly the same in the two states . The small i 
difference can be attributed to the use of band maxima rather than I 


0—0 transition 
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Fig. 4. 26 Scheme of ground and excited state equilibria of 
2- (4 '-hydi'oxyphenyl) benzimidazole at 298°K. 


Table 4.13. pK and pK* of various prototropic reactions of 
0 . 0 

2- (4 ' -hydroxyphenyl) — (PHBI) and 2— (4 methoxyphenyl) - 
benzimidazoles (PMBI) at 298°K. 


Equilibrium 

■n 

1 

; pK 

1 ^ 

I 

"T 

i 

1 

1 



[ Abs 

Flu.^ 

F.T.^ 

Reactions of PHBI 





Monocation ^ Neutral 

4.4 

6.5 

5.9 

5.0 

Neutral ^ Monoanion 

9.4 

5.0 

5.0 

9.1 

Monoanion Dianion 



13.9 

12.9 

13.4 

13 .9 

Reactions of PMBI 





Monocation ^ Neutral 

*' 5 : 

4.5 

5.7 

7.3 

4.6 

Neutral ^ Anion 

12.1 

10.9 

8.9 

12.2 


^Forster cycle method 
^Fluorimetric titration method. 




l/!o or r/l'o etc. 
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-1 4 8 12 16 

Fig. 4. 27 Plot of l/l as a function of 

^q/ H_ of 2— ( 4 ' — hydroxyphenyl ) — 
benzimidazole at 298 k. 
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In conclusion it can be summarised that the proton transfer 
reactions of PHBI and PMBI are same in the ground and excited 
singlet states except at the highest value. As the molecule 
is planar, both in the and states, all the prototropic 
species show normal shift in the absorption and fluorescence 
spectra with respect to each other. This behaviour is quite 
different from its ortho— and meta- isomers. This could be 
again due to the para— position of the hydroxyl group, which is 
a favourable position in extending the conjugation over the whole 
molecule . 


4.6 2— ( 3 ' — Hydroxyphenyl ) — (MHBI ) and 2— ( 3 ' — Me thoxypheny 1 ) — 
benzimidazoles (MMBI) * 

The absorption and fluorescence spectral profiles of 
MHBI and MMBI, in the H^/pH/H_ range of -10 to 16, are shown 
in figures 4.28, 4.29, 4.30 and 4.31. The relevant data are 
compiled in Tables 4.14 and 4.15. The various prototropic 
reactions occurring in the ground and excited singlet states 
are given scheme. Fig. 4.32). The changes in the absorption 
spectra of MHBI and MMBI and the fluorescence spectra of 
MMBI follow the same trend as that observed in the corres- 
ponding reactions of PHBI. Since we have already discussed 


* H.K. Sinha and S.K. Dogra, J. Photochem., 36, 149 (1987). 
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Table 4.14. Absorption maxima [X (nm)], log(6 ) and fluorescence 

oL rri3Lix! 

maxima X^Cnm) of different prototropic species 2— (3'— 
hydroxyphenyl) benzimidazole (MHBI) at 298^K. 


Specie s/h^/ph/h_ 

1 

1 

1 

X (nm)log(6 

sl 

max^ 

1 

1 

1 

X^(nm) 

Dication (H -lO) 
o 

205 

(4.45) 

243 

(4.01) 

- 

300 

(4.26) 


— 

Monocation (pH 2) 

209 

(4.50) 

244 

(4.00) 

— 

294 

(4.32) 

325 

(3.95) 

* 

384 

380^, 390^ 

Neutral (pH 7) 

207 

(4.65) 

240 

(4.04) 

- 

300 

(4.31) 

317 

(4.16) 

330 352 ^ 

324,340,357,370 

Monoanion (pH 11) 

200 

(4.45) 

246 

(4.13) 

296 306 

(4.30) (4.22) 

325 
(3 .89) 

430 i 

Dianion (H_16) 

230 

(4.62) 

250 

(4.28) 

— 

311 

(4.37) 

333 

(4.18) 

402 1 


* o 

at 77°K. 

^In cyclohexane with 2% TFA 
^In methanol with 2% H 2 S 0 ^ 


Table 4.15. Absorption maxima [X (nm)], log(€ ) and fluorescence 
maxima [X^(nm)] of different prototropic species of 
2— (3 ‘—me thoxyphenyl) benzimidazole (MMBI) at 298°K. 


Spe c ie s/h^/pH/h_ 

T 

; X^(nm)log(6^^ 

r 

1 

) ; 

- 1 

X^(nm) 

Monocation (pH 2) 

248 

(3.89) 

300 

(4.27) 

325 

(3.94) 

362 

Neutral (pH 7) 

246 

(3.83) 

302 

(4.22) 

319 

(4.00) 

350 

Monoanion (H_16) 

250 

(4.09) 

312 

(4.31) 

325 

(4.22) 

370 
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the results of PHBI in the previous section, this section will 
only highlight the changes observed in the fluorescence spectrum 
of MHBI which are quite different from the results of other 
similar molecules studied in this thesis. 

At the highest basic condition i.e. H_16 the fluorescence 
spectrum (402 nm) is assigned to the dianion of MHBI, formed by 
the deprotonation of —OH and >NH groups. Unlike the behaviour 
of PHBI mentioned in the previous section, there is a large red 
shift in the fluorescence spectrum (430 nm) , when the pH is 
lowered. Under these condition s , the protonation can only take 
place either at imino nitrogen atom or at phenolate ion, both 
these reactions generally lead to a blue shift in the absorption 
and fluorescence spectra, as observed in many other similar 
reactions . ' ~ * This anomalous behaviour can be explained 

as follows. Unlike the dianion of PHBI or the ground state 
behaviour of MHBI, the negative charges on imino group and 
phenolate ion are localised on their respective rings ^ because of 
the meta— position of the hydrolxyl group in the 2— substituted 
phenyl ring. Due to this, an electrostatic repulsion may occur 
between the two rings . This will lead to the removal of coplana- 
rity of the two rings and thus a blue shift results bn the 
formation of dianion by the deprotonation of the group. 

Since the methdxy derivative does not possess a dissociable 
proton, the normal phenomenon is observed. Therefore, based on 
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the above results, the 430 nm fluorescence band is assigned to 
monoanion formed by the protonation of the imino group of the 
dianion. This is further confirmed as the pK value falls in 

3l 

the same region where the deprotonation reaction of benzimidazoles 
occur. 

The fluorescence intensity of the neutral MHBI is quenched 
at pH 1 and a new band appears at 1 (384 nm) . No further 
change in fluorescence maxima is observed even at once the 

maximum intensity is attained. Similar behaviour is also noticed 
when methanol is used as solvent and the hydrogen ion concen- 
tration is increased. The fluorescence spectrum of MHBI in cyclo- 
hexane containing 1—2% v/v trif luoroacetic acid (TFA) matches with 
the above band (380 nm) . Fluorescence spectra were also recorded 
at 77°K and pH/H^ 2,0 and —2. These are the hydrogen ion concen- 
tration where the monocation of MHBI is present in the state, 
but the fluorescence spectrum of the monocation is only observed 
at 2 and 298°K. At 77*^K, the fluorescence spectra observed 
at these hydrogen ion concentrations (pH/H^ 2,0 and —2) are the 
same and match with that observed at 298°K. The 384 nm fluores- 
cence band is thus assigned to the monocation. This is formed 
by the protonation of tertiary nitrogen atom. This assignment 
is based on the following grounds (a) Based on the structure of 
the molecule, no other cationic species can be formed in such 
acid condition. A non— fluorescent zwitterion can be formed in 
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the excited singlet state from the neutral molecule with the 

assumption that the acidity of the —OH group and the basicity 

of the tertiary nitrogen atom increase upon excitation to match 

the rate of deprotonation of the —OH group and rate of proto- 

nation of the tertiary nitrogen atom, but this species can not 

be formed from the excitation of monocation, which is present 

in the state. (b) Proton induced fluorescence quenching of 

monocations of methyl sxibstituted benzimidazoles have been 
125 

observed but not of neutral benzimidazole derivatives. Even 
if we assume that fluorescence quenching of neutral MHBI occurs, 
the pK* value of monocation-neutral species equilibrium can be 

a. 

calculated only from the relative increase in fluorescence inten- 
sity of the monocation and not from the relative decrease in the 
fluorescence intensity of neutral MHBI. The pK^ obtained from 
the formation curve of monocation is 0.5, indicating that tertiary 
nitrogen atom becomes less basic upon excitation, whereas it was 
always been observed that tertiary nitrogen becomes more basic 
(c) The fluorescence quantum yield of most of the monocations of 
benzimidazole derivatives are very small as compared to that of 
the neutral species and this originates either from radiationless 
process or from solute— solvent interactions leading to quenching. 
Results at low temperature and in non-polar media confirm the 
above observatJ^on, i.e. fluorescence from monocation at 77°K is 
observed in the pH regions where it was absent in aqueous media 
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and at 298°K. The monocation of 2— (3 '—aminophenyl) benzimidazole 
is also found to be non— fluorescent. Thus it can be concluded 
that the monocation of MHBI is formed below 3/ as the fluores- 
cence intensity of the neutral molecule starts decreasing. This 
species is only observed at high acid concentration may be due 
to the reason mentioned above. Formation of dication is not 
observed even at H^— 10 and hence similar explanation is given 
as in PHBI . The various proton transfer reactions of MHBI are 
shown in scheme. Figure 4.3 2. 

pK values 
a 

The ground state pK^ values for the various prototropic 
reactions were calculated spectrophotometrically and are summari- 
sed in Table 4.16. The pK values are in the same range as those 

cL 

observed in the PHBI. Thus similar arguments can be offered. 

The pK^ values for various proton transfer reaction were 
calculated with the help of fluorimetric titration (Fig. 4.33) 
and the Forster cycle method, using absorption and fluorescence 
data and the average of absorption and fluorescence maxima. The 
pK value for the equilibrium between anion dianion species of 
MHBI can not be calculated by Forster cycle method using fluores- 
cence data because it was established that in the latter spedies 
the phenyl ring is not coplanar with the benzimidazole moiety in 
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Fig. 4. 32 Scheme of ground and excited state^equilibria of 2— (3'“ 
hydroxyphenyl) benzimidazole at 298 K. 


Table 4.16. pK^ and pK* of various prototropic reactions of 

2— (3 ’—hydroxyphenyl) — (MHBI) and 2- (3 methoxyphenyl) - 


benzimidazoles 

(MMBI) 

at 298°K. 



Equilibrium 

i Pk 

i 3. 

1 

1 

1 

1 

,1 

ic 


I Abs . ^ 

Flu.^ 

F.T.^ 

Reactions of MHBI 





Monocation ^ Neutral 

4.5 

6.0 

9.5 

4.5 

Neutral ^ Monoanion 

9.0 

7.5 

1.8 

9.1 



Monoanion ^ Dianion 

13.4 

11 .9 


13 .5 

Reactions of MMBI 





Monocation Neutral 

4.2 

6.0 

7.1 

4.5 

V " ■ 

Neutral =» Monoanion 



12.9 

10.1 

9.1 

12.5 


^Forster cycle method 
^Fluorimetric titration method. 
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the state. Pluorimetric titrations produced the ground 

state value, may be because of the reason mentioned earlier. 

The Forster cycle method has clearly indicated that —OH and >NH 
groups become more acidic on excitation, whereas the tertiary 
nitrogen atom become more basic. The results of Table 4.16 
indicate that the pK* values obtained by different methods for 
MHBI are quite different as compared to PHBI . As pointed out 
earlier, it could be due to the more polar nature of the ions of 
MHBI in the excited state than in ground state. 

Like PHBI it can be concluded that in case of MHBI, the 
ground and excited state prototropic reactions are the same . 
Further, the fluorescence quantum yield of monocation of MHBI is 
veiy low as compared to those of monocation of PHBI . 

4 o7 5— Chloroben2imida20le-2-carboxylic acid (CBIA), Benzimidazole — 
2— carboxylic acid (BIA) and 5— Chlorobenzlmldazole-2— methyl — 
carboxylate (GBIM)* 

The absorption spectra of all the compounds were 
recorded in the H^/pH/H_ range of -10 to 16. The spectral 
profiles of CBIA, BIA and CBIM are shown in Figures 4.34, 

4.35 and 4.36 respectively and the relevant data are compiled 
in Table 4.17. In the ground state, at the extreme basic 

*H.K. Sinha and S.K. Dogra, communicated. 
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condition (H_16) the species present in case of CBIA and BIA are J 
the dianion (formed by the deprotonation of -COOH and >NH groups 
and monoanion in case of CBIM (formed by the deprotonation of 
only >NH group as it does not possess the dissociable proton at ; 
—COOH group). The absorption spectirum shows only two bands, one 
at -^299 nm and the other at 226 nm. The band at 250 nm (presen; 
in neutral Bl) is absent. This resembles with the behaviour of 
monoanion of BI . Because of the reason that the 250 nm band 
is polarised along the shorter axis of the molecule (^h^) and 
>NH group is present along the shorter axis, the deprotonation 
of >NH group will affect the 250 nm band system more as compared; 
to long axis polarised '^299 nm band • Decrease of pH has 

little affect on the ~ 299 nm band system but the band system 
at ~ 250 nm starts appearing and a blue shift is noticed in | 

~226 nm band. This is consistent with the earlier observations 
on protonation at the imino group. After protonation, the species 
thus formed is a monoanion in case of CBIA and BIA and a neutral 
species in case of CBIM. At pH 3, the absorption spectra of CBIA/ 

CBIM and BIA resemble with those observed in non— polar and polar j 

1 

solvents (both aprotic and protic solvents) . This indicates 
that the species formed are the neutral species of the respective j 
molecule. The long wavelength (^300 nm) structured absorption | 
band of the neutral species, as reported in the solvent study 
(section 3.3 ) is present as a tail in the pH solution, probably 
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because of polar nature of the solvents and low concentration 
used for the pH study. . At this hydrogen ion concentration, the I 
protonation can also occur at the tertiary nitrogen atom as the 
pK^ for this protonation reaction in pure benzimidazole is 5.5. 
Moreover, on oomparing the pK of the formic acid ( 3.77) it 

Q. 

can be inferred that the first protonation should have taken 

place at the tertiary nitrogen atom. Had this been the case in 

BIA and CBIA, the species formed in case of CBIM in this pH 

would have been the monocation and hence corresponding spectral 

changes should have been observed around pH 5. But the absorptio; 

spectrum of CBIM remains unchanged untill pH 2, proving our 

earlier conclusion that the protonation takes place at the -C00~ 

group, leading to the neutral species in case of CBIA and BIA. 

On further increase of hydrogen ion concentration (H ^ 0.0) , the ‘ 

o 

spectral changes observed are similar to those observed for the 

formation, of monocation of BI molecule. In all these compounds, 

the pK^ values for the monocation— neutral equilibria are nearly 

equal, A further increase of hydrogen ion concentration leads 

to a large red shift in all the absorption band systems. This 

change is attributed to the formation of dication species by 

the protonation of carboxyl group and the behaviour resembles to 

1 6 S 

that observed for the similar reaction of carboxylic acids. 

The fluorescence spectra of CBIA, BIA and CBIM studied 
in the H^/pH/H_ range of —10 to 16 are shown in figure 4.38, 4.39 
and 4.40 respectively. All the spectral data are compiled in 
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Table 4,17. A close look at the data of Table 4.17 shows that 
the prototropic reactions in the excited state are similar to thosi 
observed in the ground state i.e. dianion (monoanion in case of 
CBIM) is present in case of CBIA and BIA at H_ 15. The formation; 
of dianion in case of BIA and CBIA is consistent because the 
fluorescence band maxima in these cases are similar to that of 
monoanion of CBIM. indicating that the positions of —COO and 
— COOMe groups ih space, with respect to BI moiety are the same. 

The monoanion of CBIA and BIA is formed at pH~6 and the neutral i 
species at pH ~ 3 , The confirmation of the latter species is done 
from the resemblance of the fluorescence spectra of CBIA and BIA 
with CBIM, Monocations are formed at H^'^O.O. Again the mono- 
cations of all three compounds resemble each other with respect 
to its fluorescence maxima, reflecting their structural similarity I 
in space. The dications are non— fluorescent for all the molecules. 

The pK values for various prototropic reactions have been i 
determined spectrophotometrically and are compiled in Table 4.18. | 

■ .i 

The pK for the monoanion— dianion equilibrium is very low for S 

a. ' ' ' I 

CBIM as compared to that calculated for CBIA and BIA. as well as 
for BI molecule. The carboxyl group, being an electron with- 
drawing group, will decrease the charge densities at the tertiary 
nitrogen atom and imino group, leading to decrease in the pK^ 
values for the protonation reaction of the former and deprotonation 
reaction of the latter. This effect has been clearly manifested 
in case of 2- (trif luoromethyl)— and 2- (trichloromethyl) benzimi- 
dazoles (section 4.3). The higher value of pK^ for CBIA (12.7) 
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and BIA (13.1) in comparision to CBIM (9.6) for the deprotonation 
reaction of imino group can be explained on the following lines. 

A strong intramolecular hydrogen bonding between imino proton and 
the negatively charged oxygen of carboxylate ion is present in 
monoanionic species of BIA and CBIA as shown below, which makes 
the deprotonation reaction difficult. The reason for low 









\ 

H- 



value of CBIM is that a similar structure can not be achieved in 
CBIM. This also reflects that the hydrogen bonding interaction 
between imino proton and the lone pair of the carbonyl group 
is either very weak or absent in CBIM. The stability of this 
type of intramolecular hydrogen bonded structure has been found 
to be very large, when it leads to the formation of a six membered 
ring instead of a five membered one as in the present case. For 
example, the deprotonation of >NH group is not observed even 
at H_15 in case of benz imidazole-2— acetic acid (section 4.8) and 
2- (2 ’—hydroxyphenyl) benzimidazole (section 4.4) . The pK^ values 

for the neutral-monoanion equilibria for CBIA and BIA are consis— 

1 . 

tent with the similar results of other carboxylic acids. The 

values for the monocation-neutral equilibria for all three 
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compounds are very low as compared to that for BI and can be 
explained on the same line as has been done earlier. Lastly, 
the pK^ values for the dication— monocation equilibria are 
higher than that reported for the similar reaction of the 
carboxyl groups. It could be due to the flow of charge from 
the heterocyclic ring to the carboxylic group and hence making 
it more basic. Various prototropic reactions observed as well 
as molecular conformations at different pH in these molecules 
are presented in schemes. Fig. 4.37. 

pK* values have been calculated with the help of fluori— 
metric titrations and Forster cycle method using absorption and 
fluorescence spectral data wherever applicable. All the pK* 

oL 

values are compiled in Table 4.18. The fluorimetric titration 
curves (figures 4.41) in all these cases generate the ground state 
value, which can be explained on the same line as has been done 
earlier i.e. prototropic equilibrium is not established in the 
excited singlet state due to very short lifetimes of the conjugate 
acid— base pair. The Forster cycle method wherever applicable 
clearly indicates that carboxyl group and tertiairy nitrogen atom 
become more basic and imino group become more acidic upon 
excitation. 

The following conclusions can be made from the study of 
absorption and fluorescence spectra of above mentioned compounds . 

(i) In BIA, CBIA and CBIM, the carboxyl group and BI moiety are 
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coplanax" to each other and the molecule is held together in 
a rigid frame by intramolecular hydrogen bonding. 

(ii) Due to the presence of electron withdrawing group at 2— positi 
the electron densities decrease at tertiary nitrogen atom and 
imino group, which is reflected from its pK values . The pK 

3 . 3 

values for the deprotonation of the imino group of CBIA and 
BIA are higher than that of CBIH because of the existence of 
intramolecular hydrogen bonded structure in case of former, 
which restricts the removal of imino proton. 

4.8 Benzimidazole— 2— acetic acid (BIAA) and Benzimidazole— 2— ethyl - 
acetate (bias)* 

The absorption spectra of various prototropic forms of; 
BIAA and BIAS, formed in the H^/pH/H_^ range of —10 to 16, are; 
shown in figures 4.42 and 4.43. The corresponding spectral 
data are summarized in Tables 4,19 and 4.20. 

Unlike BIA and CBIA (see section 4.7) the dianion of 
BIAA is not formed even at H_16, the highly basic condition 
used in the experiment. This could be due to the existence of 
a intramolecularly hydrogen bonded structure as shown below 
in case of monoanion of BIAA, which will restrict the removal 

*H.K. Sinha and S.K. Dogra, communicated. 
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Table 4.19. Absorption maxima [X (nm)], log(6 ) and fluorescenci 

9. rti0.iK 

maxima [X^(nm)] of various prototropic species of 
benzimidazole-2-acetic acid (BIAA) at 298°K. 


t 

1 

Specie s/h^/ph/h_ 1 

- 1 

X^(nm)log(8 ) 

a ^ max 


i 

1 

1 X^(nm) 

Dication (H^— 8) 

274(3.99) 

268(4.00) 

233 (3 .64) 
225(3 .60) 


390 

410 

430 

Monocation (H -2) 
o 

274(3.96) 

263(4.01) 

230(3.76) 

224(3.74) 


383 

402 

426 

Zwitterion (pH 3) 

345(3.39) 274(3.85) 
268(3.89) 

237(4.36) 


390 

Monoanion (pH 9) 

304(3.63) 277(3.67) 
271(3.66) 

212(4.45) 


344 

363 

378 

400 

Table 4.20. Absorption maxima [x (nm)]/ log(£ ) and 

9 niB.x 

f luorescenc 

maxima 

[X^(nm)] of various prototropic species 

of 

benzimidazole-2— ethylacetate (BIAE) at 298 

°K. 


Species/H^/ ph/h_ 

I 

! X (nm)log(€ ) 

1 a ^ max 

1 

j 

1 

1 

1 

1 

1 

''f 

(nm) 

Dication (H —8) 
o 

274(4.26) 235(3.90) 

268(4.20) 

- 

- 


Monocation (pH 3), 

274(4.24) 237(3.95) 

268(4.20) 

- 

282 

271 

36:j 

Neutral (pH 7) 

278(4.10) 241(4.08) 

273(4.21) 

- 

287 

277 

— 

Monoanion (H_16) 

285(4.22) 

280(4.25) 

225(4.60) 

307 

■ 
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of imino proton. Similar behaviour has also been observed in case 
of 2— (2 '—hydroxyphenyl) benzimidazole (section 4,4) i.e. only 


0 

H— 0 
O 

raonoanion# formed by deprotonation of hydroxyl group, exists in 
high basic conditions in the excited singlet state. Further in 
case of BIAA, the intramole cularly hydrogen bonded structure 
will be more stable than that observed in case of CBIA and BIA 
(section 4.7) because a six membered cyclic structure is achieved 
in the former case whereas a five membered one is possible in the 
latter. The study on BIAE gives further support to the above 
mentioned structure, as the pK value obtained for the deprotonation 
reaction of imino group is found to be 13.6 which is very close 
to that of BIM, This also indicates that the carbonyl group (■')C=0) 
is not involved in the hydrogen bonding with the imino proton or i 
this interaction may be very weak. 

No other spectral changes were observed in the range H_16 
to pH 6 in case of BIAA, With further decrease in pH, a largely 
red shifted and broad absorption band is observed. In this pH 
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region, protonation can occur either at tertiary nitrogen atom 
to form a zwitterion or at carboxylate group to form a neutral 
species. The formation of the former species is suggested, 
based on the following reasons: 

(i) The absorption spectrum of the neutral species formed by 
the protonation of carboxylate group should be comparable 
to. that in the protic solvents like methanol where the 
presence of neutral species is confirmed (section 3.3) 

But the large red shift from 313 nm to 345 nm shows that 
the species present in this pH region is different from the 
simple neutral one. 

(ii) The pK^ for the deprotonation of acetic acid is 4.76 and 
that of phenyl acetic acid is 4.31, whereas the pK for the 
protonation BI is 5.5 and that for BIM 6.19. It can be 
assumed that the pK^ for the dissociation of -CH 2 “C 00 H group 
of BIAA. should be nearly equal to that of the phenyl acetic 
acid and that for protonation of tertiary nitrogen atom 
should be similar to or little less than that of BIM. This 
assumption suggests that the protonation take place at 
tertiary nitrogen atom. 

(iii) The pK for the protonation reaction of BIAE is found to be 

'3l 

5.7, close to that of BI or BIM, indicating that the methylene 
group inhibits the direct interaction between BI moiety and 
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ester group. This result also supports above assumption. 

( iv) The spectral shift observed in the formation of mono- 
cation of BIAE is similar to that observed in case of 
BI or BIM. 

Based on the above experimental results the presence 
of a zwitterionic species# as shown below, is suggested in 
the pH region of 5 to 2. 



With further increase of hydrogen ion concentration, 
the long wavelength absorption band (345 nm) completely 
disappeared and the absorption spectrxim of BIAA resembles 
with that of monocation of BIAE or BI . This indicates that 
the species formed is a monocation having a open structure 
like that of BIAE . No further change is observed in the 
absorption spectrum of monocation of BIAA and BIAE on 
increasing the acid concentration. This is consistent 
with the fact that if the open structure is present, the 
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protonation reaction at — COOH or — COOCH^ group will have little 
effect on the absorption spectrum of BI moiety. This is due to 
the presence of methylene group in between the two functional 
groups, which acts as an insulator. Similar observation has also 
been found in 2— (arainomethyl) benzimidazole (section 4.1) . 

Fluorescence spectra of all the prototropic species of 
BIAA and BIAE are shown in figures 4.44 and 4.45 respectively. 

The data are compiled in Table 4.19 and 4.20. Like prototropic 
reactions of BIAA in the ground state, dianion is not formed in 
state because no change in the fluorescence spectrum is 
observed even at H_16. Same arguments can be given as mentioned 
earlier. In the pH/H_ range 6 to 16 structured fluorescence is 
observed which suggests the existence of a rigid structure due 
to strong intramolecular hydrogen bonding in the S^ state. Above 
pH 12 the fluorescence spectrumof BIAE resembles to that of 
monoanion of BIM, suggesting the presence of monoanion. Similar 
to the absorption spectrum of BIAA a large red shift (362 to 390 nm) 
in the fluorescence spectrum is observed on decreasing the pH to 3 . 
On the basis of similar arguments given earlier, it can be conclu- 
ded that the species present is a zwitterion. A further decrease 
in oH (H 0.0) leads to the formation of monocation, similar to 

o 

the ground state. The red shift observed in the fluorescenee 
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spectrum of monocation in coraparision to zwitterion could be due 
to the stabilization of charge transfer state, because the mono- 

cation behaves like BIM. The charge transfer state has been seen 

"1 o ^ 

to be the emitting state for the monocationic species of BIM. 

This is further clear, on examining the fluorescence spectrum of 
monocation of BIAE, where the spectral characteristics exactly 
match with that of BIM. Similar to BIM, the fluorescence from 
both H and CT, state is observed in case of BIAE. The former 
transition is slightly blue shifted and the latter one is largely 
red shifted with respect to the fluorescence spectrum of the 
neutral species. At —5, a further red shift in the fluores- 
cence spectrum of the monocation of BIAA suggests the presence of 
dication formed by protonating the carbonyl group. Similar species 
is found to be non— fluorescent in case of BIAE. 

The pK values for the various proto tropic reactions of 

3L 

BIAA and BIAE have been calculated spectrophotometrically and 
are compiled in Table 4.21. The pK value for the monoanion- 

OL , 

dianion equilibrium of BIAA can not be calculated due to the 
reason mentioned earlier. The pK values for the different 

Q. 

proton transfer reactions of BIAE reflect the insulating character 
of the methylene group present in between BI moiety and — COOMe 
group. 

The pK * values for all the equilibria of BIAA and BIAE 

0L 

5D00n cB-lculfiitscl by jEl\ior‘irn©1r.iric ti'bx's.tion and. Foirstsir cycl© 
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method (Table 4.21), Absorption and fluorescence spectral data, 
wherever applicable are used in the latter method for the 
evaluation of pK* . Fluorirne trie titration curves (Fig. 4.46) 
gave the ground state value, indicating that equilibrium is not 
established in the excited singlet state due to the short life- 
times of the conjugate acid— base pair. This is consistent with 
the results obtained in other benzimidazole derivatives studied 
in this thesis. The different prototropic species of BIAA and 
BIAE present in the complete H^/pH/H_ range of -10 to 16 are 
shown in scheme. Fig. 4.47. 

In conclusion it can be mentioned that BIAA behaves quite 
differently than CBIA or BIA (section 4.7) due to the presence of 
methylene group in between -COOH group and BI moiety. Unlike 
other compounds mentioned earlier, the absorption and fluorescence 
spectral characteristics of BIAA reflect that one methylene group 
is not enough to stop the direct interactions between the two 
functional groups . Carefully designed experiments have shown that 
in BIAA, the interaction is through a intramolecular hydrogen 
bond. The presence of zwitterionic species of BIAA became possible 
on arresting the change in the charge density at tertiary nitrogen 
atom by putting an insulating methylene group in between -COOH 
group and BI moiety. 
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Table 4.21. pK and pK* of various prototropic reactions of 

3 . 3 

benzimidazole- 2-ace tic acid (BIAA) and benzimidazole- 
2— ethylacetate (SIAM) at 298°K. 


Equilibrium 

— 1 r 

t i 

1 1 

* 4- 


pK 

a 


1 r 

1 a , 

1 1 

Abs.^ 

Flu.^ 

F •T 

Reactions of BIAA 





Dication »■ Monocation 

T"*'— 

-4.7 

- 

-4.2 

-4.5 

Monocation ^ Zwitterion 

0.2 

- 

- 

0.4 

Zwitterion ^ Monoanion 

^ — 

4.1 

- 

- 

2.6 

Reactions of BIAE 





Dication ^ Monocation 

- 

- 

- 

-3.8 

Monocation ^ Neutral 

5.7 

4.6 

- 

4.7 

Neutral ^ Monoanion 

13.1 

11 .2 

8.3 

12.6 


^Forster cycle method 

V\ 

■“pluorimetric titration method 
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4.9 Benzlmidazole-2-propionic acid (B IPA)* 

The absorption and fluorescence spectra of different 
prototropic species of BIPA, shown in figures 4,48 and 4,49, 
are exactly similar to that of BI or MBI (Table 4.22) . Due : 
to the presence of two methylene groups in between -COOH 
group and BI moiety, no spectral changes are observed in 
the absorption and fluorescence spectra of BIPA, when the 
prototropic reactions occur at —COOH group. The prototropic 
reactions occuring at the BI moiety, bring about changes in 
the spectral characteristics which are similar to that 
observed for 2— ethyl— and 2— methylbenzimidazoles^^'^ 

The pK and pK* calculated by the methods mentioned 

a. Q. 

earlier are shown in Table 4,23. Fluorimetric titration 
curves are shown in Fig. 4.50. In this regard the behaviour 
of BIPA is quite different from other acids studied in this 
thesis. Due to the presence of two methylene groups in 
between —COOH group and imidazole moiety, the direct intera- 
ction between these two is completely absent. Therefore, 
the molecule behaves like parent BI and changes occurring 
in the —COOH group are not reflected in the spectrum of 
benzimidazole. For example, at H 16, the BIPA is supposed 


*H.K. Sinha and S.K. Dogra, communicated. 
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Table 4,22. Absorption maxima [X (nm)], log(€ ), fluorescence 

gl rn0,x 

maxima [X^(nm) ] of various prototropic species of 


benz imidazole— 2— propionic acid 

(BIPA) at 

298°K 

• 

Species/HypH/H_ 

I X (nm)log(e ) 


i X. 

1 X, 

(nm) 

Di cation (H^-6) 

276(4.10) 

269(4.11) 

262(3 .98) 


214(4.11) 



Monocation (pH 2) 

274(4.05) 


214(4.30) 

284 

370 


266(4.02) 

262(3.83) 



275 


Zwitterion (pH 4) 

274(4.05) 

— 


284 

370 


266(4.02) 

262(3.83) 



275 


Monoanion (pH 7) 

280(3.94) 

249(3 .80) 

204(4.34) 

288 

- 


274(3.93) 

268(3.80) 

243(3.81) 


279 


Dianion (H_14) 

286(3.97) 

279(4.02) 

250(3.57) 

205(3.05) 

306 

— 
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HypH/H_ 

Fig. 4. 50 Plot of l/l_ of the prototropic species of 

ben2imidazoIe-2-propionic acid versus lI^/pH/H_. 

"if 

Table 4.23. pK and pK of various prototropic reactions of 

3. 

benzimidazole— 2-propionic acid (BIPA) at 298 K. 


Equilibrium 

r 

I 

I P^a 

1 

1 

I 

1 

★ 

P^a 

"K 


1 at 

1 

; Abs.^ 

Flu.® 

F.T.“ 


5.7 - - 5.3 

13.1 11.5 8.0 12.6 

^Forster cycle method 
^Fluoriraetric titration method 


Dication ^ Monocation 

Monocation - — ^ Zwitterion 
Zwitterion - — >■ Monoanion 
Monoanion — ^ Dianion 
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to be a dianionic species, hence absorption and fluorescence 

spectra should have resembled to other similar species, had 

there been any interaction between BI moiety and — COOH group, 

but the absorption and fluorescence maxima resemble the monoanion 

of BIM. At pH 6, the absorption and fluorescence spectral shift 

also resemble to those of BIM. The pK for the protonation 

sl 

reaction of tertiary nitrogen atom of BIM is 6 . This data 
clearly suggest that the first protonation should occur at 
tertiary nitrogen atom of BIPA, rather than at carboxylate anion, 
because the pK^ for similar reaction of propionic acid is 4.0. 
This shows a zwitterion of BIPA is formed at this pH. But the 
absorption and fluorescence maxima of zwitterion resemble to 
those of monocation of BIM. This is due to the presence of two 
methylene groups, which does not allow the BI moiety to sense the 
presence of carboxyl group. This is further clear from the fact 
that the formation of monocation and dicationic species by proto- 
nation of carboxylate and carboxylic groups respectively, does 
not bring about any changes in the absorption and fluorescence 
characteristics of the zwitterionic species. All the prototropic 
species are ahown in Pig. 4.51. 
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CONCLUSIONS 


Absorption and emission characteristics of a series of 2— sub 
stituted benzimidazoles in different solvents and at different 
pH values have been investigated and results are summarised in 
the earlier chapters. The conclusions drawn are listed belows 

(i) Introduction of a methylene group in between the 
interacting chromophores reduces their direct interaction. 
The electronic absorption and fluorescence profiles, 
therefore, will not be affected much from that of the 
parent molecule . 

(ii) Effect of substituents at position--2 of the benzimidazole 
moiety have indicated that the luminescent character of 
the emitting state depends on the nature of the substituent 
With strongly electron withdrawing groups like — CClj/"^^ 
etc, the lowest energy emitting state is of charge— transfer 
character, whereas with other weak electron withdrawing or 
electron donating groups the emitting state is of nn* 
character. 

Protonation of the tertiary nitrogen atom of benzimidazole 
leads to the formation of a monocation and the latter too 
possesses two emitting states, the charge-transfer state 
being the lower energy state and the nn* state is of 


( iii) 
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higher energy one. The driving force for the charge- 
transfer from the carbogylic ring to the heterocyclic 
ring is the presence of positive charge on the tertiary 
nitrogen atom. 

(iv) Deprotonation of the >NH group leads to the formation of 
a monoanion in all the substituted benzimidazoles. 
Irrespective of the siibstituents present at position— 2, the 
emitting state of the monoanion is found to be only irn* 

The negative charge/ present on the imino nitrogen atom 
of the anion may prevents the charge migration from the 
carbocyclic to the heterocyclic ring. 

(v) Presence of electron withdrawing substituents like 

— CCl^/ — COOH and — COOCH^ at position— 2 is found to alter 
the charge density on the acidic and basic centres at 
position-1 and position— 3/ respectively. The removal of 
the imino proton can be prevented if intramolecular 
hydrogen bond is formed between the imino proton and the 
negative centres present on the substituent at position-2. 
This is also evident from the results of the pK values 

Ol 

of the deprotonation of the ^NH group. 

(vi) The imino group becomes acidic than that of the -OH group 
in 2- (hydroxymethyl) benzimidazole. This might be due to 
the fact that the -OH group is not attached to the aromatic 
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ring directly but separated by a methylene group and the 
whole substituent can be considered as methanol. 

(vii) Monoprotonic phototautomerism observed in case of 2— (2'— 

hydrophenyl) benzimidazole is due to the possible interaction 
of the substituent with the benzimidazole moiety being in 
the same plane and also due to the possible proton transfer 
reactions with the -OH group of the substituent. The same 
is true as it could not be obtained with met a and para 
hydroxyphenyl substituents. 

(viii) The rigidity and the electronic spectral shifts with, a 

change in solvent polarity of benzimidazole— 2— carboxylic 
acid and 5-chlorobenzimidazole-2-carboxylic acid are due to 
the intramolecular hydrogen bonding between the benzimidazole 
moiety and the carboxylic acid group. 

(ix) In benzimidazole-2— acetic acid, though the insulating 

methylene group separates the interacting benzimidazole 
moiety and the carboxylic acid, the spectral shifts can be 
explained by the interaction through a intramolecular 
hydrogen bond. In benzimidazole— 2— propionic acid the 
interaction between the benzimidazole moiety and the 
carboxylic acid is completely restricted because of the 
presence of two methylene groups between the interacting 


groups . 



SCOPE OF FURTHER WORK 


Although the present work provides an insight into the 

nature of transitions, prototropic reactions and the geometry 

of the 2— substituted benzimidazoles, a better understanding 

will be achieved by studying other substituted benzimidazoles 

where the substituents are restricted to the benzene ring only. 

Proton transfer reactions can also be carried out in biomimetic 

systems like micelles . The scope is widened if it is looked at 

in the light of quantitative aspects like rate of radiative 

and non— radiative transfers. Since the lifetime of benzimidazole 

—10 

molecules in the state is in the order of 10 sec, picosecond 
time resolved fluorescence spectroscopy will be much helpful in 
establishing the proton transfer kinetics. 
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